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XIL  An  Account  of  the  Trigommeirical  Operation^  wbereiy  the 
Dijiance  between  the  Meridians  of  the  Royal  Obfervatories  of 
Gxttn\jviQ\i  and  Paris  has  been  determined.  ,  By  Major- general 
William  Roj,  F.  R.  S.  and  A.  S. 


Read  February  25,  lygo* 

I  N  T  R  O  D  U  C  T  I  O  N. 

THE  trigonometrical  operation  which  becomes  the  fubjeOi 
of  the  prefent  Paper,  had  its  commencement,  as  will 
be  remembered^  in  the  meafurement  of  a  bafe  011  Hounflow- 
Heath  in  1784,  an  account  of  which  was  given  to  the  Royal 
Society  in  the  following  year. 

On  the  completion  of  that  firft  part  of  the  bufinefsj  it  was 
little  expefted,  that  nearly  three  full  years  would  have  elapfed 
beforcj  even  in  this  country,  an  inftrument  could  be  obtained: 
for  taking  the  angles  ! 

In  the  fpring  of  1787,  there  were  indeed  appearances,  that 
Mr.  Ramsden  would  have  enabled  us  to  embrace  the  early 
part  of  the  feafon,  by  proceeding  with  the  execution  of  the 
main  defign;  and  therefore  Sir  Joseph  Banks  had  opened: 
(through  the  official  intercourfe  of  his  Majefty's  Secretary  of 
State,  the  Marquis  of  Carmarthen,  with  the  Ambaffador 
at  the  Court  of  France)  a  correfpondence  with  the  Academy  of 
Sciences,  regarding  the  co-operation  expeded  on  their  part, 
for  connecting  the  triangles  which  we  were  now  preparing  to 
z.  extend 
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extend  along  the  Englifti  coaft,  with  thofe  formerly  executed 
oii  the  coaft  of  France,  oppofite  to  Dover.  And  Dn  Blag- 
den  (who  for  this  purpofe  confeated  to  lay  afide  his  intention 
of  making  a  tour  through  Germany  that  fummer)  had  engaged 
to  aflift  in  the  buiinefs,  on  the  appointment  of  the  Royal  So- 
ciety, whenever  we  fhould  be  enabled  to  affign  any  probable 
time,  for  the  different  parties  to  repair  to  their  refpeitive  coafts, 
for  the  aforefaid  co-operation. 

About  the /ame  time  likewife,  a  Paper  was  laid  before  the 
Boyal  Society,  intended  as  a  Iketch  of  the  mode  propofed  to 
be  followed  in  carrying  the  fcheme  into  execution  ;  for  which 
purpofe  it  w^as  accompanied*  with  a  general  map,  flievving 
nearly  the  difpofition  of  the  triangles,  and  containing  alfo  va- 
rious inveftigations  concerning  the  figureof  the  earth,  whereon, 
it  is  hoped,  the  refult  of  the  prefent  operation  will  throw  fome 
additional  light. 

For  feveral  months  of  the  fpring  and  fummer  of  1787,  Mr* 
Ramsden  had  been  ferioufly  at  work  in  endeavouring  to  flnifli 
the  inftrument.  Not  having  employed  a  fufficient  number  of 
workmen  upon  it  at  the  outfet,  it  was  now  evident,  that  he 
had  even  deceived  himfelf,  by  leaving  too  much  to  be  done  at 
the  latter  end»  At  length,  however,  the  inftrument  was  pro-^ 
duced,  and  placed  on  the  31ft  of  July  at  the  ftation  near 
Hampton  Poor-houfe,  on  the  very  fpot  where,  about  thirty- 
five  months  before,  the  meafurement  of  the  bafe  had  been 
compleated. 

By  commencing  an  operation  of  this  nature,  at  fo  advanced 
a  feafon  of  the  year,  it  was  fufRciently  obvious,  that  only  very 
faint  hopes  could  be  entertained  of  bringing  it  to  a  concluiioii 
before  the  bad  weather  would  fet  in.  But  it  being  of  much 
importance  to  get  the  triangles,  which  extend  acrofs  the 
3  Channel^ 
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Channel^  at  all  events  executed,  it  was  therefore  propofed  ta 
Comte  DE  Cassini,  who  by  this  time  had  been  appointed  by  the 
Academy  of  Sciences  to  fuperintend  their  part  of  the  bufinefs, 
that  he  fhould  fix  the  time  that  might  fuit  him  beft  for  our 
meeting  on  the  coaft ;  that  we  would  then  difcontinue  the  ope- 
ration to  the  weftward,  and,  having  in  concert  executejJ  the 
coaft  triangles,  we  would  refume  the  inland  parts  of  our  own 
feries  at  fome  more  convenient  opportunity. 

This  propofition  being  readily  acceded  to  by  Comte  de 
Cassini,  t^he  20th  of  September  was  appointed  for  our  re- 
pairing to  thecoafts  of  Dover  and  Calais  refpeftively. 

In  the  mean  time  our  operation  was  continued,  with  all  ima- 
ginable care  and  affiduity,  through  the  firft  ten  ftations  of 
the  feies  of  triangles  from  Hampton  Poor-houfe  to  that  at 
Wrotham  Hill  inclufively. 

The  inftrunient,  and  the  various  parts  of  the  apparatus, 
were  then  removed  to  Dover,  at  which  place  Meff.  de  Cassini, 
Mechain,  and  le  Gendre,  three  diftinguifhed  Members  of 
the  Academy  of  Sciences,  arrived  on  the  23d  of  September. 

In  the  courfe  of  two  days  that  thefe  Gentlemen  honoured  us 
with  their  company  at  Dover  (and  we  regretted  exceedingly 
that  the  latenefs  of  the  feafon  did  not  admit  of  our  enjoying 
that  pleafure  for  a  much  longer  period)  every  thing  was  fettled 
in  the  moft  amicable  manner  poffible,  with  regard  to  the  tioies 
of  reciprocal  obfervation* 

A  great  pumber  of  white  lights,  fitted  for  long  diftances, 
and  feveral  reverberatory  lamps  had  been  previoufly  provided. 
Having  been  fupplied  with  fuch  a  proportion  of  the  lights  as 
feemed  neceffary  for  their  fide  ot  the  channel,  and  one  of  the 
lamps,  the  French  Gentlemen  departed  for  Calais  on  the  25th, 
accompanied  by  Dr.  Blagden,  who  attended  them  during  the 
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■   time  of  the  co-operation,  until  it  was  finally  clofed  oa  the,  17!^. 
of  October.-  ■ 

For  the  greater  part  of  thetimej  the  weather  was-,  extremely, 
bad  ;  ■n.evertheiefs,  on-  the  particular  nights  when  the  mo.fl:  im- 
portant obfer'Fations  on  oor  fide  were  made,  namely,  ■  thofe  -at 

■  Dover  and  Fairiight  Down,  the  nights  iiappened  'Very  fortu- 
nately "to  be  favourable,  fo  as  to -enable  us  to- interfed,  with- 
great  accuracy,  the  two  diftant  points  on  the  French  coaft .-of 

■  Blmcmz  and  Mofitiamhrt  ^%  and  thereby  to  eftabiilli.for  ever, 
the  triangular  connexion  between  .the  two  countries*     •■■ 

The  Duke'of  £ichmonb,.  -Mafter  General  of  his.  Majefiy's.-- 
Ordnance,  had^-  in    the   rnoft   liberal   manner '.poffible,-; given 
every  affiftance  to  tho  operation; -(from  that  great  departmenfc- 
■over  which  he  prefides-.,  with  fo.much  honour,  to-  himfelf -and- 
advantage  to  the  publick),  by  furnilliing  an  officer  and  a„;.de-- 
tachmentof  artillery-men  for  the  work ;  ordering  the  laboratory 
at  W^oolwich  +  to  fupply  whatever  fire- works, might  be  wanted 
for  fignals  j  and  temporary  fcafFolds  to  be  ere£led  at  Greenwich 
Obfervatory,  Shooter^s  Hill,, and  Dover  Caftle,  for  the  reception 
of  the-  inftrument.-  But  what  was-^-  ftill  of  .more ..importance-.,  than 
any  of  thefe,  his  Grace  had  permitted- Lieut.  F.iDPEs^,(one'C)f  .the- 
engineers  on  the  furvey  then,  under  my -diredion)  to  be:  em- 
ployed, in  the  fummers  of  17^86  and  1787,  in. making  a- very 
accurate  plan  of  that  part  of'^Romney  Marfh--  where  the.  bafe- 
of  verification  was  to  be  meafured,"     In  a  -country  fo  muchi-n- 
terfeifted  by  ditches,  and  where  there  were,  fo  many  ponds -of 
water  to  be  avoided,  without  fuch  a  plan  raifed  before-^hand, 

*  The^  name  of  this  liill   is  vulgarly  pronounced  Bmkmkrgy  -and  it  is  e^ea 
writreoln  the  lame  maoner  in  the  book.  La  Meridieme  viri/Me* 

t  Major  Gongreve,  of  the  Royal  Artillery,  had  the  maoagement  of  the  lighta 

at  Shooter's  Hill ;  and  his  affiftance  was  foiiiid  to  be  moH  effentialJy  nfefiil, 

an 
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an  operation  of  fo  delicate  and  difficult  a  nature  could  not  have 
been  eff^ded. 

The  apparatus  for  the  meafurement  of  the  bafe  With  the  fteei 
chain,  notwithftandiog  the  urgency  of  the  cafe,  was  not  fent 
to  its  deftinatiou  until  the  end  of  the  firft  week  of  Odober,  To 
'Lieut.  FiDDES  the  engineer.  Was  then  joined  Lieut*  Bryce  of 
the  Royal  Artillery ;  and  it  was  not  before  the  beginning  of 
December,  that  thefe  two  gentlemen,  wnth  the  moft  unreniiit^ 
ting  labour  and  perfeverance,  were  able  to  accomplifli  the  mea- 
furement, as  will  be  feen  in  the  detailed  account  of  that  ope- 
ration given  in  the  iirft  fedion  of  this  Paper. 

In  finifhing  the  co-operation  with  the  French  Commiflioners,, 
at  Lydd  on  the  17th  of  Oftober,  our  inftruitient  had  now 
paffed  through  fixteen  ftations  out  of  twenty- three.  There  of 
courfe  remained  yet  feven  ftations  where  it  was  to  be  placed, 
and  obfervations  to  be  made.  Eagerly  wi(hing  to  bring  the  bufi- 
nefs  to  a  conclufion,  we  ftruggled  on  through  five  of  the  feven. 
But  the  weather  at  length  became  fo  tempeftuous,  that  it  was 
utterly  impoffible  to  continue  it,  with  any  hopes  of  being  able 
to  make  fatisfadory  obfervations.  Perched  on  the  tops  of  high 
fteeples,  fuch  as  Lydd  and  Tenterden,  or  on  heights,  fuch  as 
Hollingborn  Hill,  we  fufficiently  experienced^  that  operations 
of  this  fort,  where  the  moft  important  obfervations  could  only 
be  made  at  night,  by  means  of  the  white  lights,  fhould  never 
be  undertaken  in  the  latter  feafon. 

On  the  fecond  of  November,  the  inftrument  was  accord^ 
ingly  removed  from  the  top  of  Hollingborn  Hill,  and  fent  to 
town,  leaving  the  ftations  on  Goudhurft  and  Frant  Churches, 
both  likewife  fituated  oa  eminences,  unoccupied  until  the  en- 

fuing  feafon, 

Q^z  The 
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The  winter  months  were  employed  in  calculating  the  ob* 
fervations  that  had    been    made ;    and  from  thefe    we  were 
very  well  enabled  to  judge  to  what  a  degree  of  accuracy  we  had 
arrived  in  determining  the  fides  and  angles:  for  Frant  and 
Goudhurft,  having  been   interfe<9:ed  from  Botley  Hill,  Wro- 
tham  Hill,  and  Hollingborn  Hill ;  Goudhurft  having  been  ob- 
ferved  from  Ten|:erden,  and  Frant  having  (contrary  to  our 
expe£latIon)  been  ittn  and  obferved  from  Fairlight  Down,  we 
had  thereby   the   certain   means  of  determining  very  nearly 
what   diiFerence  there   would  be   between  the  meafured  and 
computed  length  of  either  bafe  as  given  by  the  other,  although 
obfervations  had  not  been  made  at  the  two  intermediate  ilations 
of  Goudhurft  and  Frant.     This  difference,  it  was  feen,  would 
fcarcely  amount  to  one  foot,  or  about   -.^^^th  part  of  the 
whole  diftance.     In  as  far,  therefore,  as  the  refults   of  the 
plane  triangles  were  concerned,  we  might  have  proceeded  with 
the  computations,    and   drawn    the  confequent    conclufions, 
without  hefitation,  or  any  rifk  of  fenfible  error. 

But,  befides  that  it  might  ftill  have  been  faid  that  the  In- 
flrument  had  not  been  placed  at  thefe  two  ftations,  there  were 
reafons  of  a  different  kind,  which  rendered  it  in  fome  degree 
iieeeiTary  to  place  the  inftrument  not  only  at  Goudhurft  and 
Ffant,  but  alfo  at  Botley  Hill  and  Foikftone  Turnpike,  where 
it  had  formerly  flood. 

In  1787,  when  at  the  ftation  of  St,  Ann's  Hill,  In  a  very 
high  wind,  the  box  containing  the  axis  level  was  blown  from 
thefcaffold,  and  unluckily  broken.  Mr.  Ramsden  replaced  it 
with  one  not  fo  good  as  the  firft ;  and  it  was  with  this  fecond 
level  that  the  obfervations  of  the  pole  ftar  had  been  made  at 
Dover  Caftle.  This  caftle,  although  lofty,  and  fituated  on  a 
high  chalk  cliff,  that  raifes  its  northern  turret  about  466  feet 
^  above 
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abov^e  low  water  at  fpring  tides,  is  neverthekfs  furrounded  on 
the  land  fide  with  emineocesj  at  the  diftance  of  fix  or  fewn 
miles,  ftill  higher  than  itfelf.  From  this  circumftanGe  we 
found  it  impoffible  to  eotuiefl:  it  with  the  great  triangles  to  the 
weft  ward,  otherwife  than  by  a  fliort  fide.  It  was  therefore 
lufficiently  obvious,  that  it  would  be  eligible  to  make  observa- 
tions of  the  pole  ftar  for  determining  the  difference  of  lon- 
gitude, and  the  convergence  of  the  meridians,  at  fome  other 
intermediate  ftations  between  Greenwich  and  Dover,  from; 
whence  our  longeft  fides  could  be  diftindly  feen*.  For  this 
purpofe  none  feemed  fo  proper  as  Botley  Hill,  Goudhutft,  and 
Folkftone  Turnpike.  The  firft  of  thefe  three  is  only  1 71 1  feet 
eaftward  from  the  meridian  of  Greenwich,  Goudhurft  is  about 
23  miles  ibuth-eaftward  from  the  former,  and  JFolkftone  Turn* 
pike,  the  ftatiori  neareft  to  Dover^.  is  fo  fituated,  that  from  it 
can  be  feen  the  end  of  the  bafe  of  verification  at  High  Nook^ 
Fairlight  Down,  and  other  diftant  ftations* 

With  this  object  in  view,  whereon  fo  much  depended,  we 
had  again  the  mortification  to  be  thrown  into  the  latter  feafon^ 
of  1788. 

Befides  a  better  level  for  the  axis  of  the  telefoope,  the  mi-^ 
erofcope  B  wanted  to  be  better  fuppgrted.  Another  fort  of 
clamp,  alfo  an  eye^pieee,,  with  a  diagonal  prifm  for  obforva^ 
tions  near  the  zenith,  or  for  thofe  of  the  pole  ftar  in  higb 
latitudes,  were  neceflary  improvements,  which  might  have 
been  executed  in  a  fhort  fpace  of  time.  With  thefe  altera- 
tions the  inftrument  was  at  laft  returned,,  but  folate,  that  it 
could  not  be  plac<ed:  on  Goudhurft  Steeple  till  the  pth^  of  Atif- 
guft,   1788. 

The  obfervations  at  Goudhurft,  Frant,  Bbtley  Hilli  and 
Folkftone  Turnpike,  havingbeen  finiihed  early  in  September, 

the 
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the  inflrument  was  brought  back  to  town^  in  the  neighbour- 
hood of  which  it  was  employed  for  three  days  for  the  follow- 
ing purpofe. 

In  1787,  When  at  the  flations  of  Hundred  Acres,  Norwood, 
Greenwich,  and  Shooter's  Hill,  we  had  only  been  able  to  de- 
termine, in  a  fatisfadlory  manner,  two  points  within  the  limits 
of  the  Capital,  namely,  St,  Paul's  Church  and  Argyll  Street, 
the  lafl:  by  means  of  the  white  lights.  Bearings  of  fome 
<)thers,  it  is  true,  were  obtained ;  but,  in  order  that  thefe 
might  be  interfe<Sted  in  the  bell  manner,  it  became  neceflary 
to  place  the  inflrument  at  one  or  more  Nations  to  the  north- 
ward of  the  town. 

With  the  view,  therefore,  of  laying  the  foundation  hereafter 
for  a  much  more  accurate  plan  of  London  than  could  poffibly 
be  obtained  in  any  other  way,  the  inftrument  was  placed,  firft, 
at  Hornfey  Hill,  to  the  eaftward  of  Highgate  ;  and,  fecondly, 
on  Primrofe  Hill,  between  London  and  Hampftead. 

Although  the  weather  was  rather  unfavourable  at  the  time 
of  making  the  obfervations  from  thefe  two  new  Nations ;  and 
that  the  fmoke  conftantly  hanging  over  the  town  in  the  latter 
feafon  impeded  us  greatly;  neverthelefs,  the  former  bearings 
were  interfe6ted,  and  the  fituations  of  a  coniiderable  number 
of  remarkable  jfleeples  within  London  and  its  environs,  were 
accurately  determined,  as  will  more  fully  appear  in  treatiug  of 
the  fecondary  triangles. 

Having  thus  briefly  fhewn  the  order  with  regard  to  time  in 
which  the  recent  operation,  through  its  various  fteps,  was 
progrefiively  carried  on  and  compleated,  it  is  proper  that  I 
fhould  mention,  that  Mr.  Dalby,  who  had  been  recom- 
mended as  an  affiftant,  has  acquitted  himfelf  throughout  the 
whole  perfedJy  to  my  fatisfadion,  as  a  diligent  and  accurate 

5  obferver^ 
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obferver,  as  well  as  an  able  and  indefatigable  calculator.  This 
teftimooy,  which  is  juftly  due  to  his  merit,  joined  to  the  fpe- 
cimen  which  he  giws  of  his  mathematical  abilities  in  the  fifth 
fe£lion  of  this  Paper,  can  fcarcelj  fail  of  making  him  better 
known  hereafter  5  and  it  is  hoped,  that  he  will  have  opportu- 
nities of  exerting  his  talents,  by  affifting  in  the  continuation  of 
the  future  operations  that  are  projected  and  recommended  to 
be  carried  on  in  the  conclufion  of  this  Memoir ;  the  various 
parts  of  which  are  arranged  as  follows : 

Seillon  Fhfi. 
Defcription  of  the  apparatus  made  life  of  in  the  meafnre- 
ment  of  the  bafe  of  verification  in  Romney  Marih,  with  the 
hundred- feet  fteel  chain,  in  the  autumn  of  1787,  with  the  rcfult 
of  that  operation*  Reference  to  be  had  to  Plate  1.  and  II.,  and 
alfo  to  the  table  containing  the  general  detail  of  the  mea- 
luremeiit. 

ScBhn  Second. 
General  defcription  of  the  great  Inflrument  with  which  the 
angles  in  the  recent  trigonometrical  operation  were  obferved ; 
fhewing  alfo  Its  various  adjuftments  for  pradice.  Reference  to 
be  had  to  Plate  III.  a  general  view  of  the  entire  machine ; 
Plate  IV.  a  plan  and  two  fections  of  it ;  Plate  V.  various  parts 
reprefented  on  large  fcale^ ;  and  Plate'  V^I.  tiie  microfcopcs  and 
eye  pieces. 

Section  T/xrd. 
Defcription  of  various  articles  of  machinery  made  ufe  of  in 
the  courfe  of  the  trigonometrical  operation,  referred  to  in  Plate 
Vll.     Alfo  the  dillinclion  of  the  Jftations  into  two  fcts  ;  thole 

of  the  fccond  fct  being  reftfrred  to  in  Plate  VllL 

Se^i/on 
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SeSilon  Fourths 

Caicuktion  of  the  feries  of  triangles  extending  from  Wind- 
for  to  Dunkirk,  whereby  the  geodetical  diftance  between  the 
meridians  of  the  Royal  Obfervatories  of  Greenwich  and  Paris 
is  determined.     Reference  to  be  had  to  Plate  IX« 

SeSlion  Fifth. 

On  the  difference  between  horizontal  angles  on  a  fphere  and 
ipheroid.     Plate  X» 

SeBion  Sixth. 
Manner  of  determining  the  latitudes  of  the  Nations.  Ap- 
plication of  the  pole  ftar  obfer'^ations  to  computations  on  dif* 
ferent  fpheres,  and  alfo  on  M.  Bouguer's  fpheroid,  for  the 
determination  of  the  difference  of  longitude*  Ultimate  refult 
of  the  trigonometrical  operation,  whereby  the  difference  of  the 
meridians  of  the  Royal  Obfervatories  of  Greenwich  and  Paris 
Is  determined.     Plate  X* 

SeSiion  SeDenth* 
An  account  of  the  obfervations  made  during  the  cdurfe  of 
the  trigonometrical  operation  for  the  determination  of  terreftriai 
refradion.     Plate  X. 

SeUion  Eighth. 
Secondary  triangles,  fubdivided  into  two  fets,  for  the  im- 
provement of  the  maps  of  the  country,  and  the  plan  of  the 
City  of  London  and  its  environs.     Plate  Xf. 

Conclujion^ 

Containing  Propofitions  for  extending  trigonometrical  opera- 
tions over  Great  Britain. 
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S  EC  ri  O  N     FIRS  T- 

Defer iption  of'  the  apparatus  made  ufe  of  in  the  meafurement  of 

the  bafe  of  ver  if  cation  in  Romney  Marfh^  with  the  hundred-- 

J eet  fie  el  chain  y  in  the  autumn  of  I  "^1%  J  ^  "With  ike  refult  of  that 

operation.     Reference  to  be  had  to  Plates  L  and  IL;  and  alfo 

to  the  table  containing  the  general  detail  of  the  meafurement. 


Article  I.  Preamble^ 

IN  the  account  of  the  meafurement  of  the  bafe  on  Houn- 
How  Heath  in  1784,  which  appeared  in  the  Philofophical 
Tranfadions  of  the  fubfequent  year,  we  had  occaficn  to  fhew, 
how  very  accurately  diftances  might  be  determined  by  the  fteel 
chain,,  when  applied  in  the  ordinary  way  on  the  natural  fur- 
face  of  the  ground,  if  that  furface  happened  to  be  tolerably 
fmooth,  which  was  the  cafe  in  the  inftance  alluded  to.  By  the 
comparifon  of  the  meafurement  of  a  length  of  one  thoufand 
feet  with  the  glafs  rods,  and  with  the  chain  when  ufed  with 
an  apparatus  adapted  to  the  purpofe,  it  further  appeared,  that 
the  difference  between  the  refults  was  fo  very  fmall  as  fcarcely 
to  be  difcernible,  fince  it  would  not  have  exceeded  half  an  inch 
on  the  whole  length  of  that  bafe  of  27404,7  feet. 

Having  always  coniidered  the  experiment  on  Hounflow 
Heath,  juft  now  mentioned,  as  pofitive  proof  of  the  excel- 
lency of  the  chain,  it  had  been  refolved  on  to  apply  it  to  the 
menfuration  of  the  bafe  of  verification  in  Romney  Marfh,  even 
if  no  other  reafons  had  exifted  to  make  that  choice  eligible. 

Vol.  LXXX.  R  But 
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But  befides  the  danger  of  having  the  glafs  rods  broken,  in 
tranfporting  to  fo  great  a  diftance  from  London,  and,  on  fuch 
an  event  happening,  the  impoflibility  of  getting  them  replaced 
with  others  at  the  advanced  feafon  of  the  year  in  which  we 
were  unfortunately  thrown  with  the  operation,  it  was  obvious, 
that  in- a  plain  of  the  breadth  of  fix  miles,  fo  much  inter- 
fe£ted  with  ditches  full  of  water  as  Romney  Marfli  in  reality 
is,  the  laying  of  bridges  for  the  tripod  ftands,  which  mufl;  have 
been  ufed  with  the  glafs  rods,  would  alone  have  been  a  very 
troublefome  and  tedious  operation. 

Art.  II.  Beech  Pop. 
In  the  firft  place,  about  thirty  pofts  made  of  beech   wood, 
three  inches  in  diameter,  and  of  different  lengths,  from  two 
feet  three  inches  to  three  feet  fix,  and  a  few  of  them  ftill  longer, 
were  provided.     They  were  fhod  with  iron,  and  each  of  them 
carried  on  its  top  a  caft-iron  ferrule,  with  two  dove;tails  proje<fE:- 
ing  from  it ;  care  being  taken  In  driving  them  into  the  ground, 
that  the  dovetails  fhould  ftand  in  or  nearly  in  the  direaiou 
of  the  bafe,  as  reprefented  by  the  plan  and  fedion  of  a  fingle 
poft,  in  the  middle  part  of  Plate  I.     The  arrangement   of 
twenty-four  of  thefe  pofts  may  be  feen  at  the  top  of  the  faid 
plate,  for  the  meafurement  df  a  portion  of  the  bafe  equal  to 
one  hundred  yards,  or  the  length  of  three  chains.     Sixteen  of 
the  pofts  reckoning  from  that  which  ftands  in  the  center  of 
the  firft  group,  to  that  which  ftands  in  the  center  of  the  fe- 
con^,  and  fo  on  from  right  to  left,  were  placed  at  the  diftance 
of  twenty  feet  from  each  other.   The  firft  is  fuppofed  to  co-in- 
cidc  with  the  mouth  of  the  pipe  funk  into  the  earth,  at  the 
eaftern  extremity  of  the  bafe,  at  a  place  called  High  Nook 
near  Dymchurch  ;  and  every  fifth  poft  from  that  towards  the 
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left  marks  the  end  of  a  chain.  The  other  eight  polls  in  the 
arrangement^  that  is  to  fayV  the  -right  and ^^^k  eaeh  of 

the  four  groups,  are  fuppofed  to  ftand  twelve  or  fifteen  inches 
from  thofe  in  the  center.  By  referring  to  the  elevation  near 
the  top,  aiid  the  plans  and  fedion  in  the  middle  part  of  Plate 
I.  it  will  be  perceived,  that  thefe  ports,  together  with  certain 
other  iron  parts  of  the  apparatus  fixed  to  thero,  hereafter  to  be 
defcribed,  fupport  the  ends  of  the  coffering  for  each  chain, 
free  and  independently  of  the  central  pofts,  to  which  laft  the 
brafs  fcales  alone  are  attached, 

JiRT.  IIL  Deal  Coffers. 
Fifteen  deal  coffers,  numbered  from  one  to  fifteen,  were 
neceffary  for  the  length  of  three  chains,  being  five  to  each# 
Six  of  them,  that  is  to  fay,  the  firft  and  fifth,  the  fixthand 
tenth,  the  eleventh  and  fifteenth,  being  the  firft  and  laft  of 
each  chain,  were  only  nineteen  feet  four  or  five  inches  in  length* 
The  other  nine,  being  the  three  in  the  middle  of  each  chain, 
were  of  the  complete  length  of  twenty  feet.  Thefe  coffers 
perfectly  refembled  in  Chape,  and  nearly  in  dimenfions,  the 
caf^s  of  the  glafs  rods,  being  ten  inches  broad  in  the  middle, 
jknA  uniformly  of  that  depth  throughout  their  whole  length* 
But  from  the  middle  they  became  gradually  narrower,  in  a 
curvilinear  manner,  towards  each  end,  where  they  were  only 
two  inches  wide.  The  two  cheeks  or  fides  were  about  half  an 
inch  thick,  and  the  bottom,  which  entered  into  a  ihallow 
groove  in  the  middle  of  the  cheeks,  was  an  inch  in  thickoefs* 
Thus  the  cheeks  being  thin,  bent  and  applied  eafily  to  the 
bottom,  to  which  they  were  firmly  nailed,  and  the  whole  was 
fortified  by  fmall  blocks  of  wood  faftened  at  intervals  in  the 
infide,  fometimes  above  and  fometimes  below   the   bottom. 
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From  the  elevation  k  will  be  perceived^  that  nine  or  ten  inches 
of  the  nnder  extremities  of  the  cheeks  were  cut  off,  fo  as  tc^ 
permit  the  bottom  itfelf  to  reft  on  the  irons.  This  conftrnc- 
tion  of  the  coffers  was  found  to  aniwer  very  well/  that  is  to 
fay,  they  were,  coniidering  their  length,  not  fo  heavy  as  to 
be  unmanageable,  at  the  fame  time  that  by  their  general  figure^ 
and  particularly  the  depth  of  the  cheeks^  they  were  entirely 
prevented  from  warping. 

In  addition  to  the  fifteen  coffers,  juil:  now  defcribed,  a  fix- 
teenth,  not  reprefented  in  the  plate,  was  afterwards  prepared 
at  Hythe  by  Lieut.  Fiddes,  to  be  ufed  occafionally,  when  the 
end  of  one  chain^  aijd  commencement  of  another,  coincided 
with  a  deep  ditch  or  one  of  the  fewers  full  of  water,  and 
where  of  courfe  it  v%^ould  have  been  fextremely  difficult,  if  not 
impoffible,  to  have  fixed  fteadily  the  group  of  three  pofts  in 
the  ufual  manner.  In  this  coffer  there  was  a  double  or  falfe 
bottom,  with  grooves  adapted  for  the  purpofe;  and  the  brafs 
fcale,  pulley  J,  &c.  were  removed  from  the  irons,  and  placed  on 
this  bottom. 

Art.  IV.  Apparatus  of  cafi  iron^  &c.for  ike  ends  of  the  Chain. 

By  referring  to  the  plate,  where  the  feveral  parts  of  the  ap- 
paratus for  the  extremities  of  the  chain  are  reprefented  in  plan 
and  fedlion,  by  a  fcale  equal  to  one-fourth  of  their  real  dimen- 
lions,  it  will  appear,  that  the  caft^iron  pieces  were  of  two  dif- 
ferent forms,  one  long,  arid  the  other  fliort;  but  both  applied 
in  the  fame  manner,  on  the  ferrules  binding  the  tops  of  the 
pofts,  as  has  been  already  mentioned.  Of  the  long  kind  there 
were  in  all  fifteen  or  iixteen,  that  is  to  fay,  one  for  each  poft 
in  a  length  of  three  chains.  Each  iron  had  two  clamps  on  its 
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tinder  fide,  wbich  being  flackened,  it  was  placed  on  its  ferrule 
at  right  angles  to  the  line  of  meafurement ;  and  being  turned 
round  90%  the  do¥etai]s  of  the  ferrule,  ftanding  originallj  ill 
the  direilion  of  the  bafe,  came  within  the  clamps,  which  were 
then  tightened  by  four  fcrews,  turned  with  fquare  keys  adapted 
to  the  purpofe. 

It  is  fufficiently  obvious,  that  fo  many  irons,  with  fuch  a 
number  of  fcrews  to  each,  could  not  fail  of  rendering  this 
operation  tedious  !  The  bufinefs  would  have  been  greatly  expe- 
dited if  there  had  been  only  two  fuch  fcrews,  one  on  each  end, 
in  a  middle  fituation  ;  and,  inftead  of  the  four  fcrev/s,  there 
fliould  have  been  four  fteady  pins,  entering  eafiiy  into  holes 
prepared  for  them  in  the  under  fide.  A  fiiort  groove,  of  two 
or  three  inches  in  lengthy  in  each  extremity  of  the  bottom, 
would,  on  this  fbppofition,  have  been  neceflary  to  fufFer  the 
fquare  heads  of  the  fcrews  to  pafs ;  and  it  will  be  readily  con- 
ceived, that  the  thicknefs  of  the  bottom  would  have  efi^eilually 
fecured  the  chain  from  touching  them,  prevented  the  mutila^ 
tion  of  its  handles,  and  faved  much  lofs  of  time.  Indeed  the 
fame  purpofe  might  have  been  effefl-ed,  but  not  fo  advantage* 
oufly,  by  laying  the  original  four  fcrews  lower  in  the  iron, 
which  its  thicknefs  eafiiy  admitted  of.  Finally,  in  order  to 
avoid  fuch  like  inconveniencies  in  future,  there  is  ftill  one  im- 
peffeftion  more,  which  it  is  incumbent  on  me  to  remark, 
namely,  that  caft- iron  ferrules  will  not  anfwer ;  for  the  force 
that  was  found  to  be  neceflary  to  drive,  the  pofi:s  into  the 
ground,  burft  almofi:  the  whole  of  them,  fo  that  before  the 
operation  was  compleated,  they  were  obliged  to  be  replaced 
with  others  made  of  hammered  iron,  forged  for  the  purpofe. 

Of  the  fliort  irons  only  three  were  necefliary,  one  for  each 
end  of  the  chain,  and  a  fpare  one  in  cafe  of  accident.     They 
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were  placed,  turned,  and  clamped  on  the  ferrules,  in  all  re- 
fpe£l:s  iimilarly  with  thofe  of  the  long  kind.  By  infpeftion  of 
the  plate  it  will  be  feen,  that  each  of  them  carried  on  its  fur- 
face  a  brafs  fcale  of  fix  inches  in  length,  divided  into  inches  and 
quarters,  and  moveable  in  a  flide,  either  backwards  or  for* 
wards,  by  a  finger-fcrcw  adapted  to  the  right-hand  end. 

The  right-hand  poft  of  each  group  is  called  the  drawing* 
poft^  becaufe  the  iron  fixed  on  its  top  carries  a  fmall  apparatus 
of  brafs,  which  being  connected  with  the  flat  iron  rod  and 
hooks  formerly  ufed  at  Hounflow  Heath,  for  a  like  purpofc, 
lays  hold  of  the  rear  handle  of  the  chain,  and  draws  it  back 
until  zero  co-incides  with  the  point  of  commencement.  The 
left-hand  poft  in  each  group  is  called  the  weight -poji^  becaufe 
it  carried  a  brafs  pulley,  over  which  a  weight  of  28  lbs.  was 
hung  by  a  fmall  rope  attached  to  the  hooks  that  laid  hold  of 
the  front  handle  of  the  chain.  This  weight  ading  againft 
the  force  of  the  fcrew  at  the  other  end,  the  chain  was  thereby 
kept  perfeflly  ftraight  in  the  coffers,  and  conftantly  in  the  fame 
degree  of  tenfion,  until  fome  certain  divifion  (the  neareft  for 
inftance)  of  the  fcale  could  be  brought,  by  means  of  the  fcrew, 
accurately  to  coincide  with  100  feet  at  the  front  end.  That 
divifion,  whatever  it  might  be,  was  of  courfe  regiftered  in  the 
field  book  of  the  operation,  together  with  the  true  temperature 
of  the  chain,  as  fliewn  by  five  thermometers,  one  being  laid 
for  that  purpofe  in  each  coffer,  and  fecured  with  white  cloth 
from  the  fun's  rays,   as  occafion  might  require. 

Fifteen  coffers  were  always  arranged  on  the  ground  at  the 
fame  time,  comprehending  a  fpace  of  the  bafe  equal  to  the 
length  of  three  chains  or  100  yards.  The  extremities  of  the 
firft  chain  having  been  accurately  transferred,  in  the  manner 
above  mentioned,  to  the  brafs  fcales  on  the  tops  of  the  central 
2  poftsj 
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pofts,  and  thefe  remaining  firnl  and  motionlefsj  as  being 
wholly  unconne6:€d  with  any  other  parts  of  the  apparatus, 
the  chain  was  then  moved  forward  into  the  fecond  fet  of  cof- 
fers, where  the  thermometers  were  alfo  placed.  In  the  mean 
time,  the  firft  fet  of  coffers  now  vacated,  with  their  pofts,  &e, 
were  carried  on  and  arranged  in  the  front,  for  the  meafure- 
ment  of  the  fecond  loo  feet;  and  fo  on  continually  with  the 
others  in  fucceffion. 

Art.   V.  Of  the  furvey  of  Romney   Marjh  ^revioujly   to   the- 
meafurement  of  the  Bafe. 

In  the  introduftion  to  this  Paper  it  has  been  mentioned,  that 
the  Duke  of  Richmond  had  permitted  Lieut.  Fidbes,  of 
the  Royal  Engineers,  to=  be  employed  in  1786  and  1787  in 
railing  a  plan  of  that  part  of  the  Marih  where,  on  examina- 
tion, it  fhould  be  found,  that  the  bafe  of  verification  might 
be  the  beft  executed.  In  juftiee  to  that  officer,  I  confider  it  as 
incumbent  on  me  to  fay,  that  it  was  impoffible  for  any  perfon 
to  fulfil  the  duties  entrufted  to  hin>  better  than  he  did,,  either 
in  the  courfe  of  the  furvey,  or  fubleqjuent  meafurement  of  the 
bafe,  whereof  he  alfo  had  the  direction.  The  general  inflruc- 
tions  given  to  him  were,  that  after  having  by  a  bafe  of  his 
own  determined  certain  triangles  in  the  neighbourhood  of 
Dymchurch^.  Ruckinge,  and  Romney,  by  way  of  foundation 
for  his  work,  he  (hould  preferve  Ruckinge  as  the  point  whereon 
the  aUignement  of  the  great  bafe  was  to  be  directed,  and  vary 
the  pofition  of  that  end  next  the  fea-wall  in  fuch  a  manner  as 
to  meet  with  the  fewefl  local  obflrudions  to  the  meafurement 
between  the  two  extremities.  By  infpeftion  of  the  plan  Plate 
XL  which  comprehends  a  trad  of  country  of  two  miles  in 
breadth,  one  on  each  .fide  of  the  bafe  line,  it  will  be  perceived, 

that. 


128  Gen^  Roy's  Account  of 

that  befides  the  niimberlefs  ditclies  with  which  this  fingular 
plain  is  interfered,  and  which  It  was  Impoffible  to  avoid  crof- 
iing9  there  Is  ahnoft  in  eveiy  field  a  watering  pond  for  the 
cattle,  many  of  them  of  confiderable  depth.  Neverthelefs,  io 
very  attentive  had  Mr.  Fiddes  been  to  the  accuracy  of  his 
furvey,  that  he  was  enabled,  after  fcveral  trials  of  other  di- 
rections, to  run  a  line  from  High  Nook  on  Dymchurch  Sea- 
wall, upon  thefmall  fpire  of  Ruckinge  Church,  of  the  length 
of  nearly  fix  miles,  without  interfering  with  any  one  of  the 
watering  ponds,  or  meeting  with  any  other  local  obftrudion  of 
confequence.  So  very  minute  was  he  In  his  remarks,  and  fo 
accurate  in  the  fituation  of  particular  trees,  that  in  tracing  his 
line  with  the  telefcope,  he  managed  fo  as  to  avoid  them  all,  <l 
few  infignificant  buflies  excepted  ;  which  I  believe  to  be  an 
inilance  of  exa£tnefs  fcarcely  to  be  equalled. 

Art.  Yh  Pipes  funk  in  the  ground* 

Permiffion  having  previoufly  been  obtained  from  the  pro- 
prietors of  the  foil,  pipes  were  funk  Into  the  ground  at  the 
two  extremities  of  the  bafe,  and  alfo  one  on  Alllngton  Knoll, 
which  laft  point  with  Lydd  Church  *  form  that  fide  of  one 
of  the  great  triangles  depending  on  the  bafe   on '  Hounflow 

^  It  will  be  perceived,  that  feveral  of  the  names  of  places  differ  in  their 
orthography,  from  that  whereby  they  were  exprelfed  in  the  plan  of  the  intended 
triangles  given  in  the  Paper  of  1787.  This  has  been  done,  on  procuring  better 
information  in  that  relpe6t  than  had  formerly  been  obtained.  Mr.  Cobb,  of 
Lydd,  an  ingenious  gentleman,  well  acquainted  with  Romney  Marfli,  v/as  fo 
obliging  as  to  prefent  me  with  a  manufcript  map  of  that  fingular  plain,  com- 
piled by  hiiTifeif  from  adual  fur^eys,  where  the  names  and  boundaries  of  the 
waterings^  and  many  other  curious  particulars,  are  very  dillin6tly  exprelTed,— 
Our  plan  of  the  bafe  has  therefore  derived  advantage  by  adhering  to  fuck' 
refpeftable  authority. 
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Heath,  to  be  firft  verified  by  the  meafuremetit  of  this  new 
bafe.  Every  field  is  furrouiided  with  a  ditch,  in  cleaning  of 
which  the  earth  and  mud  are  continually  thrown  out  on  each 
iide,  whereby  flat  dykes  are  gradually  formed  on  either  fide. 
That  the  meafurement  might  be  carried  on  as  nearly  as  poffible 
in  the  fame  plane,  that  is  to  fay,  about  fifteen  or  eighteen 
inches  above  the  common  furface,  therefore,  narrow  grooves 
were  cut  in  thefe  flat  dykes,  which  the  different  farmers  rea- 
dily confented  to  without  murmuring.  Here  it  is  to  be  ob- 
ferved,  that  there  was  no  occafion  for  levelliirg  the  line,  Rom- 
ney  Mar(h  having  been  formerly  covered  by  the  fea,  and  a 
confiderable  part  of  it,  particularly  towards  the  bottom  of  the 
range  .of  hills  that  feparate  it  from  the  Wealds  of  Kent,  being 
ftill  lower  than  the  fea  at  high  water,  would  again  be  over- 
flowed by  it,  if  much  care  and  expence  were  not  annually  be- 
flowed  in  fecuring  and  repairing  the  dykes,  whereby  it  is  pro- 
teded.  Thus  the  line  of  the  bafe  may  be  confidered  as  an 
inclined  plane,  defcending  gradually  about  five  feet  from  the 
mouth  of  High  Nook  pipe  to  within  246  yards  of  the  Ruckimge 
end,  where  the  ground  in  that  diredion  feems  to  be  the  loweft* 
Thence  it  rifes  comparatively  fuddenly,  about  fifteen  feet,  to 
the  mouth  of  the  pipe  fituated  in  a  fmall  field  immediately 
adjoining  to  Ruckinge  Church-yard, 

Art,  VII.  Refult  of  the  meafurement. 

Lieut.  FiDDEs,  in  the  courfe  of  his  trigonometrical  fur- 
vey,  and  of  the  different  meafurements  he  had  a£tuaily 
made  of  the  line  with  a  common  iron^  chain,  which  from 
time  to  time  was  compared  with  ftandard  rods  of  deal,  had 
determined  the  total  length  of  the  bafe  within  a  few  feet 
of  the  truth,  before  the  ultimate  operation  began.  He 
had  likewife   driven  into  the  ground,  at  the  end   of  every 
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thoufand  feet,  a  ftrong  picket,  which  were  numbered  i,  a,  5, 
&c.  Horn  the  pipe  at  High  Nook  to  the  28th  near  Ruckinge. 
In  all  this  preparatory  part  of  the  bufinefs  he  had  no  other 
affiftants  than  the  artillery-men  of  his  furveying  party.     But 
for  the  ultimate  determination,  it  being  abfolutely  necefTary 
that  he  fhouid  have  the  aid  of  fome  perfon  in  whom  he  could 
confide  for  the  management  of  the  operation  in  general,  and 
particularly  for  the  adjuftment  of  the  fcale  at  one  end  of  the 
chain,  while  he  himfelf  was  adjufting  that  at  the  other  ;  there- 
fore Lieut.  Bryce,  of  the  Royal  Artillery  (now  of  the  Corps 
of  Royal  Engineers),  an  attentive  officer  and  excellent  ma- 
thematician, was  left   with  him  for  thofe  effential  purpofes^ 
Thefe  two  gentlemen  began   the   operation  on  the   15th   of 
October,  and,  after  experiencing  many  difficulties  arifing  from 
the  badnefs  of  the  weather  in  that  late  feafon  of  the  year,  and 
the  defe£livenefs  of  the  apparatus,  it  was  only  by  dint  of  great 
labour,  and  the  utmoft  perfeverance,  that  they  were  enabled  to 
accompliih  the  meafurement  on-  the  4th  of  December  fol- 
lowing. 

The  annexed  general  table  of  the  bafe,  which  contains  five 
columns,  fliews  the  progrefs  that  was  made  in  the  work  from 
day  to  day.  The  firft  column  contains  the  date ;  the  fecond^ 
the  fpaces  meafured  each  day^  reckoned  by  hundreds  of  yards> 
and  denoted  in  the  general  plan  by  ftrong  dots;  the  third 
lliews  the  temperature  of  the  chain  deduced  from  the  mean  of 
fifteen  thermometers,  five  for  each  chain ;  the  fourth  exprefles 
the  difference  of  temperature  above  or  below  62°  of  Fahren- 
heit ;  and  the  fifth  fhews  the  correction  anfwering  to  that 
difference,  additive  to  the  apparent  length  with  the  fign  +  5, 
and  fubtradive  from  it  with  the  fign  «-• 

^  From 
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Feeto      In.  Pts. 

From  infpedion  of  the  table  it  will  appear, 
that  the  total  apparent  length  of  the  bafe,  as 
given  diredly  by  thefteelchain^  was  9512  j^^^%!^\. 
yards;  which  are  equal  to  28536.  8.835 

But  when  the  new  points,  at  the  diftance  of 
twenty-five  feet  from  each  other,  were  laid  off 
on  the  chain  in  Mr.  Ramsden's  fhop  from  the 
original  points  on  the  great  plank  of  New-Eng- 
land deal,  the  temperature  was  55%  that  is,  7"* 
below  6%"^%  wherefore  the  contradion  of  the 
chain  by  i"*  of  Fahienheit  being  iz 0.007 63  ^^* 
this  X7^  X  285.37  chains  '^  15.242  in.  is  the 
redudion  for  the  total  contraftion  below  62% 
to  be  taken  from  the  apparent  length ;  which  are 
equal  to  «  -  ^  -.  %^  3.241 

The  apparent  length  is  likewife  to  be  leflened 
by  the  excefs  of  the  corredions  with  the  fign  — 
above  thofe  with  the  fign  +  in  the  annexed  table ; 
becaufe  the  temperature  of  the  chain,  when  ac- 
tually applied  to  the  meafurement,  being  fo  much 
below  62^  the  apparent  length  became  thereby 
too  great  by  30.65  inches,  which  are  equal  to  %  •  6.^$ 

To  be  deducted  alfo  from  the  apparent  l^ngth^ 
the  redudion  on  two  hypothenufal  diftances, 
meafured  at  the  Ruckinge  extremity  of  the  bafe, 
which  is  fuddenly  elevated  above  the  Ibweftpart 
fifteen  feet,  amounting  to  ^  •  0.3.023 

The  fum  of  thefe  three  reductions,  to  be  taken 
irom  the  apparent  length,  amounts  to  -  ^.  o^gis 

S  a  And 
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Feet.      In.    Pts* 
And    coiifequently  there    remains    for    the 

length  -  -  -  -  28532.  7.93 

But  when  the   chain  was  adjufted    In   Mr* 
Ramsden's  fhopjas  above* mentioned,  the  tem- 
perature was  55^«     Being  then  carried  into  St 
James's  Church-yard,  its  length  was  laid  off  on 
brafs  pins  inferted  into  the  ftone  coping  of  the 
church-yard  wall,  for  the  purpofe  of  compari- 
fon  on  any  future  occafion,  at  which  time  the 
temperature  had  changed  to  55°f .     After  the 
meafurement  inRomneyMarfhhad  beenfinifhed, 
the  chain  in    the   temperature  of  39%    being 
ftretched  out  on  the  wall,  its  length  was  found 
to  fall  fhort  of  the  original  points  on  the  brafs 
pins\/^V^  of  an  inch.  Now,  §^^.^  —  ^^"^  =  1 6°.5, 
and   16^.5x0.00763  =  0.126  in.  J  hence  0.126 
—  xVVo— ^-^^3  in.  is  the  fpace  which  the  chain 
had  only  lengthened  during  an  operation  which 
continued  above  fix  weeks ;  and  one-half  of  this 
fpace,  vks  0.01 15  multiplied  by  285.37  chains 
151=3.282  in.,  the  correction  to  be  added  to  thj^ 
apparent  length  for  the  wear  of  the  chain  during 
the  operation     ^        -  «  «  +0.  3.282 

Whence  the  length  becomes  -  28532*1 1,202 

Laftly,  the  bafe  is  to  be  Shortened  for  Its 
height  of  25!  feet  at?ove  the  mean  level  of  the 
fea,  fuppofed  to  be  6  feet  8  inches  above  low- 
water  fpring  tides  at  High  Nook,  which  gives 
for  the  redudion  -  -  •  —o.  0.166 
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Feet,    In»    Pts» 
And  hence  there  remains  for  the  ultimate  or 

true  length  of  the  bafe  of  verification,  in  the 
temperature  of  62"  of  Fahrenheit's  thermo- 
meter, being  the  heat  to  which  that  on  Houn- 
flow  Heath  was  reduced,  -  -  ^8532*  ii.oj6 

Which  make  28532.92  feet. 

Art.  YUL  Remarks  on  the   comparative  accuracy  of  the  two 

bajes. 

With  regard  to  the  accuracy  of  the  meafurement  of  this 
bafe,  compared  with  that  executed  on  Hounflow  Heath  in  1784, 
from  the  infinite  pains  and  care  befto wed  in  both  operations, 
it  is  very  difficult  to  fay,  to  which  the  preference  ihould  be 
given.  The  expanfion  of  glafs  being  fo  much  lefs  than  that  of 
fteel.  If  manageable  glafs  rods  of  equal  length  with  the  chain' 
could  have  been  obtained;  then,  as  far  as  that  fingle  circum- 
flance  might  have  afFefted  the  refult,  a  meafurement  made  with 
fuch  glafs  rods  would  undoubtedly  have  deferved  the  pre- 
ference to  one  with  the  fteel  chain.  But  when  it  is  confidered, 
that  the  expanfion  of  fl'eel  was  determined  by  the  pyrometer 
with  the  fame  care  as  that  of  glafs ;  that  the  wear  of  the  chain: 
is  fo  very  fmall,  as  we  have  fhewn  it  to  be,  in  fix  weeks  ufe ;: 
that  coffers  were  laid  for  it,  and  its  length  transferred  by  means 
of  the  brafs  fcales  to  the^tops  of  immovable  pods ;  that,  in  the. 
prefent  cafe,  there  was  but  one-fifth  part  of  the  error  arifing 
from  faulty  co-incidences  as  with  the  twenty-feet  glafs  rods  ; 
on  this  view  of  the  matter,  the  preference  feems  to  be  due  to 
the  meafurement  by  the  fteel  chain,  fuppofing  always  the 
error  in  excefs,  caufed  by  the  deviation  from  the  alUgnement 
horizontally  or  vertically,  to  have  afFe£led  both  equally* 

As 
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As  a  proof  that  the  expanfion  of  the  chain  was  accurately 
determined,  I  fhall  clofe  this  fedion  with  a  remark  repeatedly 
made  by  the  two  gentlemen  entrufted  with  the  execution  of 
this  laft  meafurement.     At  the  clofe  of  each  day's  work,  the 
two  fcales  marking  the  extremities  of  the  laft  chain  (after  re- 
giftering   the    divifions   of  co-incidence)  were  left  upon  their 
refpedive  pofts  until  the  next  morning.     They  were  fecured 
during  the  night,  from  being  difturbed  by  cattle,  with  a  cer- 
tain number  of  the  fpare  pofts  driven  into  the  ground  around 
them.     A  tent  was  alfo  pitched  between  the  two,  where  fome 
men  of  the  party  conftantly  lay,  by  way  of  a  guard  for  the 
whole  apparatus.     On  the  recommencement  of  the  operation 
the  fubfequent  morning,  the  chain  being  applied  anew  to  the 
brafs  fcales ;  if  the  temperature  continued  the  fame,  the  co-in- 
cidences were  found  to  be  equally  accurate  as  on  the  preceding 
night ;  but  if  it  had  changed  one  or  two  degrees^  the  chain 
never  failed  unequivocally  to  fhew  it,  by  falling  fhort  of  the 
diviiions  on  the  fcales,  if  the  cold  had  increafed,  or  by  over- 
reaching them  if  it  had  diminifhed. 

Finally,  with  refpe£l  to  the  fubjed  of  thefe  bafes,  it  is  here 
to  be  remarked,  that  thebafe  of  verification  in  Romney  Marfli 
makes  with  the  meridian  of  the  pipe  at  High  Nook  an  angle 
of  54^  28^  56'^i  north- weftward ;  and  that  on  Hounflow 
Heath  makes  with  the  meridian  of  the  pipe  at  Hampton  Poor- 
houfe  an  angle  of  44^  41'  49^^,  alfo  north- weflward. 
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Table  of  the  Meafurement  ot  the  Base  of  Verification  In  Romney  Marsh,  e 

to  be  95 1 2^VoVV  Yards 

,  and  the  true,  or  corrected  Length  m  t 

spaces 

Temperature. 

Correction 

Spaces 

Temperature, 

Corredlion 

Spaces 

Temperature.      1 

Corre<aioi3 

Days. 

meafured. 

for  the 
difference* 

Days. 

meafurecL 

for  the 
difference. 

Days. 

meafured. 

1 

for  the 

Mean  by 

difF. 

Mean  by 

diff. 

Mean  by 

diff. 

differenc 

Yards. 

ijTherm. 

from  62^ 

Yards. 

i5Therm. 

from  6z°. 

Yards. 

1 5  Therm, 

from  61". 

oa 

0 

0 

In,  Parts. 

oa, 

0 

0 

In.  Parts. 

Nov. 

, 

o 

0  _ 

In.  PartJ 

IS 

100 

54-7 

-7  7-3 

0.16710 

2100 

65.0 

+    3.0 

+  0.06867 

4100 

55.2 

-  6.8 

o.i55< 

i6 

200 

6a,  7 

+  0-7 

+  0.01602 

2200 

64,1 

+    2.1 

+  0.04807 

10 

4200 

55-3 

-  6.7 

0.153. 

300 

61.3 

-  0.7 

0.01602 

2300 

56.7 

-  5-3 

0.12132 

4300 

53-6 

~   8.4 

0.192: 

^7 

400 

Sf'O 

-  5.0 

0.1 1445 

30 

2400 

58.7 

-  3-3 

0-07554 

4400 

49,0 

-13.0 

0.297, 

500 

52.2 

-  9.8 

0.22432 

2500 

59-5 

-   2-5 

0*05722 

12 

4500 

50.1 

-11.9 

0.272; 

600 

53'^ 

-  8.4 

0.19225 

31 

2600 

57-3 

-  4-7 

0.10758 

4600 

47-9 

-14. 1 

0.322' 

ao 

700 

46,8 

-15.2 

0.34793 
0.07096 

2700 

54.6 

-  7.4 

6.16939 

13 

4700 

44-7 

-17.3 

o.396( 

800 

58.9 

-  3-' 

Nov. 

2800 

53-9 

-   8.1 

0.1 8541 

4800 

44.8 

—17.2, 

0.393 

23 

900 

53*9 

-  8.1 

0.18541 

I 

2900 

49.0 

-13.0 

0.29757 

4900 

41,3 

-20.7 

0473 

1000 

55.3 

-  6.7 

0.15336 

3000 

54-0 

-   8.0 

O.18312 

14 

5000 

41.8 

—  20.2 

0.462 

24 

uoo 

55-7 

-  6.3 

0,14421 

3100 

50-9 

-II. I 

0.25408 

5100 

42.9 

-19.1 

0.437 

1200 

50.0 

—  12.0 

0.27468 

2 

3200 

49-1 

— 129 

0.29528 

15 

5200 

45-3 

-16.7 

0.382 

1300 

55-2 

-  6.8 

0.15565 

3300 

50-4 

-11.6 

0.26552 

5300 

44.1 

-17.9 

0.409 

26 

1400 

59-? 

^  2.9 

0.06638 

3400 

48.5 

-13-5 

0.30901 

5400 

40.4 

—  21.6 

0.494 

1500 

60.0 

-   2.0 

0.04578 

3SOO 

42.6 

-19.4 

0.44407 

16 

5po 
5600 

41-5 

-20.5 

0.469 

27 

1600 

59-1 

-  2.9 

0.06638 

5 

3600 

S2'3 

-  9.7 

0.22203 

44.8 

-17.2 

0.393 

1700 

63.1 

4-   I.J 

-h  0^02518 

3706 

53-0 

-  9.0 

0.20601 

5700 

44.6 

- 17-4 

0.398 

1800 

68.1 

+  6.1 

+  0.13963 

3800 

52.4 

-  9.6 

0.21974 

17 

5800 

40.6 

-21.4 

0.489 

1900 

57'9 

—  4,1 

0.09385 

3900 

47.3 

-14.7 

0.33648 

5900 

39-4 

—  22.6 

0.517 

29 

2000 

60.8 

—   1.2 

0.02747 

7 

4000 

55.6 

-  6.4 

0.14650 

6coo 

41-3 

20.7 

0-473 

-2.16540 

-3-77913 

1 

-7.585 

From  the  above  Table  It  appears,  that  the  total  apparent  length  of  t  the  Bafe,  as  given  immed 

The  correftions  in  the  above  Table,  and  ot 

hers  fpecified  in  the  Te«xt,  being  fubtradod  fron 

There  remains,  for  the  true  length  of  the  b 

afe  in  the  temperature  oof  62°  of  Fahrenheit, 

[To  face  page  134.] 


1  RoMNEY  Marsh,  executed  in  the  Autumn  of  1787,  whereby  the  apparent  Length  is  found 
corredted  Length  in  the  Temperature  of  62%  28532  tVo  Feet. 


Mean  by      diff. 
1 5 Therm,  from  6z°, 


Temperature. 


55-2 
55-3 

49.0 
50.1 

47.9 

44' 7 
44.8 

4^3 
41.8 
42.9 

45-3 
44,1 
40.4 

41-5 

44.8 
44.6 
40.6 
39-4 
41-3 


.  6.8 
.  6.7 
^   8.4 

■  13.0 
•  11.9 

■  14. 1 

■17-3 
-17.2 
•20.7 
■20.2 
.loa 
-16.7 
.17.9 
-21.6 
■20.5 
-17.2 

- 17-4 
-21.4 
-22.6 

20.7 


Corre<aioa 
for  the 
difference. 


in.  Parts. 
0.15565 

0.15336 
0.19228 

0.29757 
0.27239 
0.32275 
0.39600 

0.3937 

0.47382 

0.46238 

043720 

0.38226 

0.40973 

0.49442 

0.46924 

0.39371 
0.39829 
0.48985 
0.51731 
0.47382 


Days. 


Spaces 
meafured. 

Yards. 


Nov 

21 


22 


23 


24 


26 


-7.58574 


28 


6100 
6200 
6300 
6400 
6500 
6600 
6700 
6800 
6900 
7000 
7100 
7200 
7300 
7400 
7500 
7600 
7700 
7800 
7900 
8000 


Temperature. 


Mean  by 
i5Therm. 


difF. 
from  6i* 


42.1 

39-3 
43-3 
46-5 
4S-6 
42.5 
42.5 
4i»2 
39-8 
390 
37-7 
36.2 
42.1 
40-S 
3S-2 
39-8 
38-5 
33-6 
38-9 
32-7 


■19-9 
-22.7 

.18.7 

•IS.5 
■16.4 

■19-5 
.19.8 
■20.8 

-22.2 
-23.0 

-24.3 
-25.8 
-19.9 

-21.5 
-26.8 
-22.2 
-23.5 
-28.4 
-23*1 

-29-3 


Correction. 

for  the 
difference. 


In, 


Parts, 

0.4555^ 
0.51960 

0.42804 

0.35479 
0.37540 
0.44635 
0.45322 
0.4761 1 
0.50816 
0.52647 

0.55623 
0.59056 

0.45551 
0.49213 
0.61345 
0.50816 

0.53791 
0,65098 

0.52876 

0.67068 


Days. 


Nov 
29 

30 

Dec. 

I 


Spaces 

Temperatuie.      } 

meafured. 

\ 

Mean  by 

difF. 

Yards. 

15  Therm 

from  62**. 

8100 

36.3 

0 
-25.7 

8200 

39-2 

-22.8 

8300 

39-5 

-22.5 

8400 

34.8 

--27.2 

8500 

40.5 

-21.5 

8600 

42-3 

-19.7 

8700 

30.5 

-31-5 

8800 

44-3 

-17.7 

8900 

46*0 

-16.0 

9000 

43-0 

—  19.0 

9100 

456 

-164 

9200 

48.7 

-13-3 

9300 

41. 1 

—  20.9 

9400 

46.9 

-I5-I 

9512.2454 

48.4 

-13.6 

Correction 

for  the 
difference. 


—  10.14802 


In.  Parts. 
0.58827 
0.52189 
0.51502 
0.62261 
0.49213 
0.45093 
0.72103 

0.40515 
0.36624 

0.43491 
0.37540 
0.30444 
0.47840 

0.34564 
0.34942 

—  6.97148 

—  10.14802 

—  7-53574 

—  3-779^3 

—  2.16540 


Total  Correftion     —30.64977 


Feet.      In, 
'tthe  Bafe,  as  given  immediately  by  the  Steel  Chain,  was  9512^*/^  yards,  which  are  equal  to  28536    8.835 
e«xt,  being  fubtradod  from  the  apparent  length,  —  —  —  3    9-799 


oof  62°  of  Fahrenheit, 


28532  11.036 


equal  to    —    28532  ^  Feet. 


SECTION 
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SECT  I  O  N     SEC  O  N  D. 

General  Defcription  of  the  great  injlrument  with  which  the  angles^, 
in  the  recent  trigonometrical  operation^  were  obferved ;  Jhewing 
alfo  its  various  adjujiments  for  praSiice,.  Reference  to  be  had  to 
Plate  II L  a  general  view  of  the  entire  machine  %  Plate  IF.  a 
plan  and  two  fiBions;  Plate  F.  various  parts  reprefented  t$ 
large  Jcales;  and  Plate  FL  the  microfcopes  and  eye'^t)ieces.. 


Article  I.  Preamble. 

IN  endeavotiring  to  defbribe  the  curious  inftrument  made  ule 
of  for  obferving  the  angles  in  the  recent  trigonometrical  ope- 
ration, it  has  been  judged  beft  to  confine  ourfelves  to  the  prin- 
cipal parts,  without  entering  into  any  detail  of  the  minuti^t 
for  even  to  have  mentioned  thefe,.  with  the  almoft  infinite 
number  of  little  fcrews  that  ferve  to  unite  them  into  one  entire 
machine,  which  could  onlj  have  been  done  by  references  to  a 
multitude  of  great  and  fmall  Roman  and  Greek  charafters, 
would  have  been  a  difgufting  labour.  By  the  help  of  the  four 
plates  which  this  defcription  refers  to,  and  which  h^ye  been 
executed  with  great  care,  that  fewer  words  might  fuffice,  it  is 
hoped,  that  the  inftrument  may  be  underftood  by  two  clafles 
of  people  for  whom  it  is  chiefly  intended ;  firft,  by  thofe  who 
being  pofiefled  of  fuch  a  machine  would  wi{h  to  make  them-* 
felves  mafters  of  its  ufe ;  and,  fecondly,  by  fuch  ingenious^ 
artifts  as  would  attempt  to  conftruft  fuch  another ;  for  thefe 
laft,  in  particular,  the  parts  that  are  of  brafs,  of  bell-metal;,, 
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or  of  ftaelf  are  diftinguifhed  from  each  other*  And  here  it  is 
iieceffary  to  obferve^  that  the  plates  muft  not  only  be  fre- 
quently confulted,  but  alfo  attentively  confidered,  and  repeat- 
edly compared  with  each  other,  in  the  courfe  of  this  de- 
fcription. 

Art*  IL  General  mew  of  the  in/lrumenL 
It  IS  a.brafs  circle,  three  ftct  in  diameter,  and  may  be  called 
a  great  theodoletj  rendered  extremely  perfect ;  having  this  ad- 
vantage in  particular,  which  common  theodelets  have  not,  that 
its  tranfit  telefcope  can  be  nicely  adjufted  by  inverfion  on  its 
fupports;  that  is  to  fay,  it  can  be  turned  upfide  down,  in  the 
fame  manner  that  tranfit- inftruments  are,  in  fixed  obfervatories. 
The  circle  is  attached  by  ten  conical  tubes,  as  fomanyradu^ 
to  a  large  vertical,  conical  hollow  axis  of  twenty-four  inches 
in  height,  which  may  be  called  the  exterior  axis.  Within  the 
bafe  of  this  hollow  axis,  a  collar  of  cafl  fteel  is  ftrongly 
driven;  and  on  its  top  there  is  inferted  a  thick  bell-metal 
plate,  with  floping  cheeks,  which,  by  means  of  five  fcrews, 
can  be  raifed  or  deprefled  a  little. 

The  inftrument  rejfts  on  three  feet,  which  are  firmly  united 
to  each  other  at  the  place  where  they  branch  ofi^,  by  a  ftrong 
circular  plate  of  bell-metal,  upon  which  rifes  another  vertical 
hollow  cone^  of  lefs  fize  than  the  former,  being  included 
within  it,  and  is  therefore  called  the  interior  axis.  On  its  top 
is  inferted  a  caft- fteel  pivot,  with  floping  cheeks,  palling 
through  the  bell-metal  plate  on  the  top  of  the  exterior  axis, 
the  cheeks  of  the  one  being  nicely  ground  to  fit  the  cheeks  of 
the  other.  The  bell-metal  bafe  of  this  interior  axis  is  in  like 
manner  ground  to  fit  the  caft- fteel  collar  in  the  bafe  of  that 
which  is  without  it.     Thus  the  circle  being  lifted  up  by  two 
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men  laying  hold  of  lu  radii ^  and  the  exterior  being  placed 
upon  the  interior  axis,  the  cheeks  at  the  top  being  at  the  fame 
time  adjufted  to  their  proper  bearingj  it  turns  round  ,very 
fmoothly,  and  is  perfectly,  or  at  leaft  as  to  fenfe,  free  from 
any  central  fhake.  This  mode  of  centering  is  one  of  the  chief 
excellencies  of  the  inftrument.  From  the  ufe  that  has  been 
made  of  it  both  years,  it  feems  not  to  have  fuffered  in  the 
leaft;  and  it  is  perhaps  the  only  conftruftion  that  could  have 
anfwered  for  a  machine  of  fuch  magnitude,  undergoing  fo 
many  quick  tranfitions  from  place  to  place,  and  fo  often  raifed 
to  high  fituations  without  any  riik  of  being  thereby  hurt. 

Art.  IIL  Mahogany  Planes  under  the  in/imment. 

By  infpeftion  of  the  plates,  but  more  particularly  the  Hid, 
and  the  fedion  tov^ards  the  right  hand  in  the  Vth,  it  will  be 
feen^  that  there  are  three  planes  of  mahogany  under  the  metal 
parts  of  the  inftrument ;  namely,  "that  which  forms  the  top  of 
the  ftand,  which^  although  a  fquare  of  about  three  feet  four 
inches  at  bottom,  becomes,  by  the  feparation  of  the  legs,  an 
o£tagon  at  top.  In  the  center  there  is  a  circular  opening  of 
nine  inches  diameter,  the  ufe  of  which  will  appear  hereafter. 
Over  the  top  of  the  ftand  lies  another  plane  of  mahogany,  like- 
wife  an  o£tagon,  of  fomewhat  greater  dimenfions  than  the 
former,  with  a  circular  curb  running  around  it,  about  half  an 
inch  within  the  planes  of  its  fides.  This  odagon  hath  in  its 
center  an  open  conical  focket  of  brafs,  three  inches  in  diame- 
ter;  and  on  four  of  its  oppofite  fides  there  are  fixed  four  ftrong 
brafs  fcrews,  one  on  each  fide,  which  a6ting  againft  pieces  of 
brafs  inlaid  into  the  oppofite  fides  of  the  top  of  theftaild,  the 
octagon  plane,  with  every  thing  that  refts  on  it,  may  thereby 
be  moved  in  four  oppofite  directions,  until  the  plummet  fuf- 
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pended  from  the  center  of  the  inftrument  above,  is  aceurately 
broTUght  to  co-incide  with  the  point  marking  the  ftatioa  under- 
neath. The  third  or  uppermoft  plane  of  mahogany  is  in  fa£t  a 
part  of  the^infl:rume^t  itfelf,  being  at  all  times  by  fcrews  or 
otherwife  united  to  it^  and  carrying  the  handles  whereby  it  is 
lifted  out  for  \ifej»  or  in  again  into  its  cafe,  to  be  tranfported 
from  place  to  place.  In  the  middle  of  this  plane  or  bottom  to 
the  inftrumeotj  there  is  another  conical  brafs  focket,  of  three 
inches  and  a  quarter  in  diameter,  fitted  to  flip  over  and  turn 
eafily  on  that  in  the  center  of  the  oftagon  underneath.  In  the 
brafs  cover  of  this  focket,  there  is  a  very  fmall  hole  concentric 
with  the  inftrument,  to  fuffer  the  thread  or  wire  to  pafs,  which 
fufpends  the  plummet i  and  in  the  view,  Plate  III.  maybe 
feen  another  fmall  box  that  contains  the  thread,  with  a  wirich« 
handle  for  railing  or  lowering  the  plummet,  according  as  the 
height  of  the  inftrument  above  the  ftation  on  the  ground,  or 
edifice  where  it  ftands,  may  require. 

Art.  IV.  Feet  Screws  for  levelling  the  inflrument* 

By  attending  to  the  group  reprefenting  the  front  elevation  of 
the  feet  fcrews,  with  its  fide  nuts,  in  the  right  hand  upward 
angle  of  Plate  V.  it  will  appear,  that  they  are  flackened,  which 
is  always  the  cafe  before  the  inftrument  is  levelled,  to  give 
room  for  that  operation  by  the  adion  of  the  fcrews.  This 
being  done,  the  fide  nuts  are  brought  to  prefs  gently  on  the 
horizontal  plate  that  embraces  the  whole  group,  and  thereby 
keeps  the  inftrument  as  it  were  united  to  the  mahogany  until 
fome  frefh  adjuftment  becomes  neceffary.  When  the  inftru* 
ment  is  to  be  put  into  its  cafe,  then  the  feet  are  let  down,  and 
by  the  fide  nuts  the  horizontal  plate  is  brought  to  prefs  ftrongly 
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m  the- whole  gfoup^ .  whereby- it  is  -kept  perfe^ly"" :faft  and-  fe-^^ 
cure  from  motion  in  carry ing  from  one  fituation  to  another 

Aet.   V*  Blocks  of  boD^ .  wood  and  conical  rollers   under  the. 

feet  f crews. 

By  referring  alfo  to  Plate  V.  it  will  appear,  that  diredly 
below  each  foot  there  is  fixed  to  the  lower  furface  of  the  ma- 
hogany a  fmall  block  of  box  wood,  curvilinear  ia  the  direftion 
of  its  motion i  On  tbefe  three  blocks  refts  the  whole  weight 
of  the  inflrumentj  which  neverthelefs  can  be  mov"ed  circularly 
On  them  alone.  But  to  render  the  motion  perfedly  eafy,  three 
con ical  brais  rollers ,  placed  fomewhat  nearer  to  the  center^  are ^ 
by  means  of  their  refpeftive  fprings  and  regulating  fcrews, 
brought  to  a(5t  and  receive  fuch  a  proportion  of  the  weight  as 
it  may  be  neceflary  to  lay  upon  them.  The  head  of  one  of 
tbefe  fcrews,  which  give  more  or  lefs  aftion  to  the  rollers,  may 
be  imxk  at  D  in  the  principal  view  of  the  inftrument  Plate  III* 
as  well  as  in  the  plan  and  fe£lion  Plate  V. 

Art.  VI.  Screws  giving  motion  to  the  whole  injlrument^ 
By  examining  attentively  the  general  view  of  the  inflru* 
ment  may  be  feen,  in  two  pofitions,  the  great  fcrew  with  th^ 
flat  ivory  head,  whereby  the  entire  machine  received  a  circular 
motion.  In  one,  it  is  attached  to  the  curbs,  as  when  in  ufe  in 
1787;  in  the  other,  it  is  laid  upon  the  mahogany  bottom,  as 
was  the  cafe  the  fame  year  every  time  it  was  carrried  to  anevir 
fituation.  But  this  ivory-headed  fcrew  having  been  found  to 
aft  by  jerfcs  in  moving  ib  great  a  weight,  and  conlequently  to 
be  troublefome  in  adjufting  the  inftrument  to  the  fixed  point, 
or  that  of  commencement  in  meafuring  angles  ;  it  .was  there^ 
fore  laid  afide  in  i/SS^  and  another  apparatus  or  clamp  was 
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adapted  for  the  fame  purpole.  This  laft  may  be  feen  attached 
to  the  curbs,  as  reprcfented  towards  the  right  hand  of  Plate  V. 
It  coniifts  of  a  brafs  cock,  fixed  to,  and  proje<9:ing  outwards 
from,  the  curb  of  the  inftrument;  which  cock  is  aded  upon 
by  two  fcrews  working  on  the  oppofite  fides  againft  it,  and 
whiph  are  clamped  to  the  curb  of  theoftagon. 

Art.  VIL  Mahogany  Balujlrade  and  Cover. 
The  curb,  whereon  the  three  feet  of  the  inftrument  reft^ 
carries  a  baluftrade  of  mahogany  fitted  to  receive,  on  the  top 
thereof,  a  mahogany  cover,  no  where  reprefented  except  in  the 
two  fedions  in  Plate  IV.  In  this  cover  there  are  only  four 
fmall  openings  (befides  that  which  allows  the  great  vertical 
axis  to  pafs),  viz^  one  for  each  vertical  microfcope,  one  for  the 
clamp  of  the  circle^  and  one  for  the  focket  of  the  Hook's-joint, 
The  two  iaft  are  lefs  than  the  former.  At  the  fame  time  that 
this  cover  effe£tually  fecures  the  circle  with  its  cones  from  dirt 
and  from  accidents,  It  ferves  conveniently  for  laying  the  HookV 
joint  upon,  or  any  thing  that  may  be  conftantly  wanted  near 
at  hand ;  but  more  particuLirly  for  placing  the  lanterns  ufed  at 
night  for  reading  off  the  divifions  on  the  limb  of  the  inftru« 
ment  that  come  immediately  under  the  vertical  microfcopes. 

Art.  VIIL  Achromatic  Tele/copes^ 
Two  achromatic  telefcopes,  each  of  thirty-fix  inches  focal 
length,  with  double  objed-glalies  of  two  inches  and  a  half 
aperture,  belong  to  the  inftrument.     They  are  excellent  of 
their  kind,  and  are  furni(hed  with  eye-pieces  of  different  mag« 
nifying  powers,  for  ereft  as  well  as  inverted  vifion.     The  lower 
telefcope  lies  exa£tly  under  the  center  of  the  inftrument,  and  is 
directed  through  one  of  the  openings  of  the  baluftrade.     Being 
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only  ufed  for  terreftrial  objeftSj  it  requires  but  a  fmall  elevation 
or  depreffion,  and  therefore  is  only  fupplled  with  a  fhort  axis 
of  feventeen  inches  In  length,  fupported  by  braces  attached  to 
the  feet*  The  eye  end  of  this  telefcope  is  purpofely  made  hea- 
vier than  the  objefl:  end ;  and  refting  on  an  horizontal  arm, 
that  is  raifed  or  deprefled  by  rack-work,  it  is  thereby  readily 
brought  to  bear,  and  remain  very  fteadily,  upon  its  obje£t. 
The  rack-work  may  be  feen  in  the  view  of  the  inftrument^ 
and  alfo  on  the  left  fide  of  the  right  hand  fe£tion  in  Plate  1V« 
But  there  is  a  fmall  horizontal  motion  that  can  be  given  to  the 
right  hand  end  of  the  axis  of  this  telefcope,  which  is  effecfiec! 
by  means  of  a  handle  inferred  through  the  vacancy  of  the  ba- 
luftrades,  and  placed  on  a  dovetail  at  E,  which  could  not  be 
fhewn  in  the  plate.  Thus  thq  inftrument  being  nicely  levelled, 
the  upper  telefcope  at  zero,  and  likewife  on  its  object,  the 
lower  telefcope,  by  the  help  of  this  adjuftment,  is  brought 
accurately  to  the  fame  obje£t,  fuppofed  to  be  the  point  of  com- 
mencement, or  that  from  which  angles  are  meafured. 

By  referring  to  Plates  III.  and  IV.  and  likewife  to  the  fedlion 
on  the  left  fide  of  Plate  V.  it  will  be  feen,  that  a  horizontal 
bar  extends  acrofs  the  top  of  the  vertical  axis,  fupported  by 
two  fide  braces  that  fpring  from  the  cone,*  about  one-third  of 
its  height  above  the  plane  of  the  inftirument.  The  horizontal 
bar  carries  the  Y's  or  fupports,  in  which  the  pivots  of  the 
upper  telefcope  move.  They  are  of  fuch  height  as  to  permit  a 
fe.micircle  of  fix  inches  radius,  attached  to  the  axis  of  the 
tranfit,  to  pafs  freely,  and  confequently  the  telefcope  to  be 
dire£ted  to  the  fun  or  ftars  in  high  elevations^  but  not  to  be 
brought  to  the  zenith.  The  arc  of  excefs  of  the  femicirck 
likewife  admits  of  feveral  degrees  of  depreffion  being  mea^ 
fured  thereon.. 


"i^i  GV#rRoY^s  Account  of 

Art;  IX,  Spkk  Levels^ 

The  inftroment  has  two  very  good  fpirit  levels,  that  are 
fitted  with  the  feveral  means  of  adjuftmentj  as  is  uiuai  in  fuch 
cafes,  the  detail  of  which  it  is  unneceflary  here  to  eater  into* 
The  fir  ft  or  axis  level,  becaufe  it  is  only  applied  on  the  axis  of 
the  telefcopCj  is  that  whereby  it  is  fet  horizontal,  as  in  the 
ordinary  tranfit  inftriiment ;  and  it  is  likewife  nfed  for  placing 
the  conical  axis  truly  vertical^  fo  that  the  inftrument  may  turn 
round  without  fenfible  alteration  of  the  level,  previoufly  to 
obfervations  of  the  pole  ftar^  or  of  other  heavenly  bodies. 

The  fecond,  or  elevation  level,  is  that  whereby  the  telefcope 
is  brought  to  be  truly  horizontal,  when  angles  of  elevation  or 
depreffion  are  to  be  taken.  At  fuch  times  it  is  fulpended  on  a 
rod  attached  to  the  outfide  of  the  telefcope,  to  whofe  axis  of 
vifion  the  rod,  by  adjuftment,  can  be  made  parallel,  as  will 
readily  be  conceived,  by  obferving  the  reprefentation  of  theie 
parts  in  the  right  hand  fe(ftion  of  Plate  IV. 

When  the  angles  of  elevation  or  depreffion  to  be  deter^ 
mined  are  very  fmall,  they  are  meafured  by  the  motion  of  an 
horizontal  wire  in  the  focus  of  the  eye-glafs  of  the  telefcope ; 
but  when  greats  their  quantity  is  meafured  by  the  arc  of  mo- 
tion of  the  femicircle,  as  fhcwn  by  its  proper  horizontal 
microfcope. 

The  elevation  level  is  likewife  made  ufe  of  for  levelling  tha 
inftrument  when  horizontal  angles  only  are  to  be  taken,  for 
which  purpofe  it  is  fufpended  on  two  pins,  which  are  feeii 
projeding  from  the  horizontal  bar  in  the  plan,  and  one  of 
them  in  each. of  the  ie£llons  in  Plate  IV.  This  was  the  ordi- 
nary pofition  of  the  elevation  level  when  the  angles  of  the 
^  triangles 
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tjrkngles  wete  obfetFed,  and  tEerehy  it  was  enfilj  leen.  In  the 
courfe  of  the  operation,  whether  the  inftrument  had  fufFered 
any  change  to  render  a  re-adjuflment  oeceflary. 

Art.  X*  Lanterns  for  the  lUumlnatton  of  the  Wires. 
The  axis  of  the  tranfit  telefcope  Is  hollow^  and  In  the  middles 
there  is  placed,  at  an  angle  of  45""  with  the  axis  of  vlfion,  a  per- 
forated elliptical  illuminator  for  throwing  light  on  the  wires  iii^ 
night  obfervations.  The  light  is  communiGated  from  a  fmall 
lantern  attached  to  the  horizontal  bar  at  its  jundion  with  the 
brace,  di redly  oppofite  to  the  end  of  the  axis,  which  has  a  bit  of 
thin  glafs  placed  before  it  to  prevent  duft  from  entering.  There 
is  another  fuch  lantern  for  the  lower  telefcope,  not  however 
reprefented  in  the  plate.  As  the  light  given  by  thefe  lan- 
terns was  found  to  be  rather  too  weak,  efpecially  that  for  the 
upper  telefcope,  therefore  it  was  cuftomary  in  pradice  to  illu- 
minate the  wires,  by  holding  up  fronttvife  one  of  thofe  feen  in 
the  ledion  in  Plate  IV.  againfl  the  end  of  the  axis  of  the  upper 
telefcope,  when  direded  to  the  pole  ftar.  The  fame  method  was 
ufed  by  prefenting  it  obliquely  to  the  objed-glafs  of  the  lower^ 
telefcope,  whan  it  became  neceffary  to  examine  whether  the 
interfedion  of  the  wires  continued  without  fenfible  variatioiii 
on  a  reverberatory  lamp,  commonly  placed  twelve  or  fifteen 
miles  off,  and  fometimes  even  at  the  great  diftance  of  twenty: 
er  twenty- four  miles. 

Art.  XL  Lanterns  for  throwing  light  on  the  Divijm  of  the 

injirument. 
Befides  the  tvro  foiall  lanterns  for  illuminating  the  wires  of 
the  telefcopes  in  night  obfervations^  two  larger  ones  may  be  feen, 
as  already  mentioned,  ftanding  on  the  mahogany  cover  in  the 

fedion. 
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fe£lion  In  Plate  IV.  ufecl  for  reading  off  the  divlfions  of  the 
iuftrumentj  under  the  vertical  microfcopes.  The  front  of  one 
of  thefe  IS  fliewn^  and  the  hack,  or  that  to  which  the  handle 
is  fixed,  of  the  other.  Their  narrow  fides  are  prefented 
towards  the  microicopes,  there  being  in  each  a  filvered  re- 
fle£lor  of  copper  at  FF ;  and  oppofite  to  it,  at  C3G,  a  fcreen  of 
talc  or  tranfparent  oiled  paper.  The  hght  from  a  wax  candle 
being  thrown  on  the  refle£tors,  and  thence  back  again  through 
the  fcreens,  on  the  divilions  of  the  inftrument  under  the  mi- 
crofcopes,  thefe  could  be  verj  diftindly  read  off  and  regiftered  • 
for  the  light  communicated  in  this  way  was  very  ftrong,  at 
the  fame  time  that  the  glare  of  it,  which  otherwife  would 
have  been  difagreeabie  to  the  fight,  was  removed  by  paffing 
through  the  fcreen. 

Art.  XIL  Arms  projeSfing  from  the  belUmetal  plate  under  the 
plane  of  the  injirument. 
By  referring  to  Plates  IIL  and  IV.  but  more  particularly  the 
latter,  it  will  be  perceived,  that  there  are  three  flat  arms, 
ftrongly  fixed  by  fcrews  to  the  edge  of  the  circular  bell-metal 
plate,  forming,  as  has  been  already  mentioned,  the  bafis  of  the 
interior  vertical  axis.  Thefe  arms,  which  are  alfo  firmly  braced 
to  the  feet  of  the  inftrument,  rife  gradually  as  they  projed 
outwards  towards  the  circumference  of  the  circle,  whofe  radius 
they  exceed  about  an  inch  and  a  quarter,  and  their  extremities 
are  about  an  inch  lower  than  its  upper  furface.  One  arm, 
lying  direaiy  over  one  of  the  feet,  is  that  to  which  are 
attached  the  wheels  and  fcrew  moved  by  the  Hook's-joint,  and 
aifo  tiie  clamp  of  the  circle,  as  reprefented  in  Plate  V.  The 
other  two  arms,  whereof  one  lies  alfo  over  a  foot,  and  the 
other  dlreaiy  oppofite  to  it,  become  thereby  a  diameter  to  the 

circle. 
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circle,  having  their  extremities  terminated  in  a  kind  of  blunted 
triangular  figure,  forming  the  bafes  of  pedeftais  wherreon  ftaad 
the  vertical  microfcopes  hereafter  to  be  defcribed.  The  arms, 
together  with  the  horizontal  bar  and  braces  carryitig  the  tranfit 
telefcope,  are  every  where  pierced,  in  order  to  leffen  the  weight 
without  diminifliing  the  ftrength  of  the  parts. 

Art.  13,  Vertical  Microfcopes. 

Two  vertical  microfcopes,  diftinguiflied  A  and  B,  are  trfed 
for  reading  off  the  divifions  on  the  oppofite  fides  of  the  circle 
immediately  under  them.  They  are  exadly  of  the  fame  con- 
ilruftion,  and  the  chief  parts  of  that  markefd  A  are  r^prefented 
in  their  real  dimenfions  towards  the  left  hand  of  Plate  Vl. ; 
%vhere,.  befide  the  general,  may  be  feen  particular  plans  of  the 
Hides,  and  alfo  that  of  the  pedetlal,  containing  within  it  the 
gold  tongue,  with  its  axis  and  fcrews  for  adjuflment.  Next  to 
thefe  plans  ftand  the  elevation  and  optical  lines,  (hewing  the 
pofition  of  the  glafles  with  the  magnified  fcale  at  the  bottom. 

Each  microfcope  contains  two  Aides,  one  lying  immediately 
over  the  other,  their  contiguous  furfaces  being  in  the  focus  of 
the  eye-glafles.  The  uppermoft,  or  that  neareft  the  eye,  is  a  vetfy 
thin  plate  of  brafs,  to  the  lower  furface  of  which  is  attached 
the  fixed  wire,  having  no  other  motion  than  what  is  neceffary 
for  adjuftment,  by  the  left  hand  fcrew  to  its  proper  dbt,  as 
hereafter  to  be  explained. 

The  fteel  Aide  immediately  under  the  former  is  made  of  one 
entire  piece,  of  fufficient  thicknefs  to  permit  the  micrometer 
fcrew,  of  about  72  threads  in  an  inch,  to  be  formed  of  it.  To 
its  upper  furface  is  fixed  the  moveable  wire,  which  changes  its 
place  by  the  itiotion  of  the  micrometer  head,  feen  in  the  plan 
and  elevation  towards  the  right  hand.     The  head  is  divided 
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into  60  equal  parts,  each  of  which  reprefents  one  fecond  of 
angular  motion  of  the  telefcope.  Bj  examining  the  particular 
plan  of  this  fteel  Hide,  it  will  be  feen,  that  it  is  attached  by  a 
chain  to  the  fpring  of  a  watch^  coiled  up  in  the  ufual  manner, 
within  a  fmali  barrel  adjacent  to  it  in  the  frame.  By  this  pro* 
vilion  no  time  %¥hatever  is  loft;  the  fmalleft  motion  of  the 
head  being  ioftantly  ihewn,  by  a  proportionable  motion 
of  the  wire,,  to  one  hand  or  the  other,  In  the  field  of  the 
microfcope* 

It 'is^  neceffary  to  remark,  that  the  whole  microfcope  be- 
tween its  pillars  can  be  raifed  or  depreffed  a  little  more  or  lefs. 
With  regard  to  the  plane  of  the  circle,  by  the  help  of  two  fteel 
levers,  feen  one  on  each  fide  of  the  elevation,  which  for  that 
^urpofe  are  applied  in  the  holes  reprefented  above  and  below 
the  projeding;  plate  that  unites  the  tops  of  the  pillars.  By 
means  of  this  motion,  diftinclnefs  is  obtained  at  the  wires; 
and  by  the  motion  of  the  proper  fcrew  of  the  obfed  lens, 
which  neceiariiy  follows  that  given  to  the  whole  microfcope, 
the  fcale  is  fo  adjufied  as  that  fifteen  revolutions  of  the  head 
lliall  move  the  wire  over  fifteen  minutes,  or  one  grand  dlvifion, 
on  the  limb,  equal  to  nine; hundred  feconds,  each  degree  on 
the  circle  being  only  divided  into  four  parts.  This  operation 
being  delicate,  requires  great  patience  and  many  repetitions, 
before  the  purpofe  can  be  exactly,  or  even  nearly,  effe£t:ed: 
for  at  the  fame  time  that  the  fixed  wire  muft  bifed  the  dot  on 
the  gold  tongue,  the  moveable  wire  muft  alfo  bifed  the  dot  at 
180^  on  the  limb,  as  well  as  the  firft  notch  in  the  magnified 
fcale  at  the  bottom  of  the  plate,  where  the  minutes  in  the  field 
of  the  microfcope  are  reprefented  In  the  proportion  of  between 
fifteen  and  fixteen  to  one  as  painted  on  the  eye  of  the  obferver. 
In  this  adjuflment  there  is  yet  another  circumftance  to  be 
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attended  to,  which  is,  that  fix ty  on  the  micrometer  head 
Ihould  ftand  nearly  vertical,  fo  as  to  be  conveniently  feen.  A 
few  feconds  of  inclination  to  one  fide  or  the  other  are  of  no 
moment,  becaufe  the  dart  or  index  being  brought  to  that  pofi- 
tion,  whatever  it  may  be,  muft  at  all  times  remain  there  with- 
out alteration,  unlefs  fome  derangement  that  may  have  hap'* 
pened  to  the  inftrument,  in  tranfporting  from  one  place  to  ano* 
ther,  fhould  have  rendered  a  frefli  adjuftment  neceflary.  But  if, 
when  the  wires  coincide  with  their  refpeftive  dots  and  the  firft 
notch,  fixty  on  the  micrometer  head  fliould  happen  to  be  under- 
neath, or  fo  far  over  from  the  vertex  on  either  fide  as  to  be  feen 
with  difficulty,  then  the  gold  tongue  muft  be  moved  a  little  by 
means  of  the  capftan^headed  fcrews,  which  a£l  againft  each  other 
on  the  oppofite  extremities  of  its  axis.  Thus,  by  repeated  trials, 
the  wifhed-for  objed  vv^ill  at  length  be  cfFefted,  that  is  to  fay, 
fixty,  to  which  the  dart  is  to  be  fet,  will  ftand  in  a  place  eafily 
ittn.  But  it  is  not  to  be  expe6led,  that  each  microfcope  will 
give  juft  nine  hundred  feconds  for  the  run  of  fifteen  minutes. 
Without  great  lofs  pf  time  this  cannot  be  done;  befides  that 
two  obfervers,  of  different  fights,  will  adjuft  the  microfcopes 
difFerently.  Accordingly,  in  1787,  after  many  trials  of  the 
runs  in  meafuriog  fifteen  minutes  on  the  different  parts  of  the 
limb,  microfcope  A  was  found  to -give  only  896'^,,  while  B 
gave  at  a  medium  901 '^  But  in  1788^  microfcope  Agave 
900'',  while  B  gave  no  more  than  894^^  Thefe  differences 
were  of  courfe  regifrered  and  allowed  for  in  the  eftimation  of 
the  angles  for  computation,  whereby  any  difference  between 
them  almoft  wholly  difappeared. 

The  gold  tongue,  which  is  extremely  thin,  applies  very 
clofely  to  thefurface  of  the  circle.  In  the  plan  it  is  fuppofed 
to  be  feen  through  a  thin  plate  of  brafs  covering  the  whole 
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pedeftal,  aiicl  alfo  through  a  fmaJl  fquare  plate  lying  over  the 
forroerj  and  fcifteoed  to  it  by  three  fcrews. '  lo  the  under  fide 
;of  thisJait^  there  is  a  cavity  for  the'  projeiling  part  of  .the 
'  toogue>  ■  This  contrivance  of  the  toxigiie  with  its  dot  was  to 
guard  agaiai'l  any  error,  that  might  arife  from  accidental  mo- 
tio;!  given  to  the  inftrument  between  one  obfervation  and  ano- 
ther, wiiicb  from  this  precaution  could  never  happen/  without 
being  iiiimediateiy  difcovered  :  for  the  wires  being  adjufted  to 
then-  dots  under  the  rnicrolcopes  refpeilively,  if  the  inflrument 
be  then  turned  round  180'',  the  wires  will  reciprocally  bife£l: 
the  dots  that  were  originally  oppofite  to  them,  and  thereby 
fhew,  that  they  are  accurately  in  the  diameter  of  the  circle; 
and  fo  on  with  regard  to  any  other  dots  whatever.  Hence 
this  becomes  the  moft  fevere  mode  of  trying  the  juftnefs  of  the 
divifions  of  the  inftrument. 

Art.  XIV*  Manner  of  reading  of  angles  with  the  mtcrofcopes. 

By  attending  to  the  magnified  fcale  at  the  bottom  of  the  plate, 
it  will  appear,  that  the  dot  on  the  gold  tongue,  which  is  here  in* 
verted,  is  about  one  minute  to  the  left  of  zero,  and  alfo  of  the 
firft  notch,  with  which  the  moveable  wire  alone  eo-incides. 
Now  it  will  eafily  be  conceived,  from  what  has  been  faid  in  this 
defcription,  how  i^eadily,  as  well  as  accurately,  any  obferva- 
tion of  an  angle  can  be  read  off;  with  fuch  an  inftrument;  for 
the  degrees  and  quarters,  that  is  to  fay ^  the  15'',  30%  or  45^, 
being  feen  with  the  naked  eye,  and  regiftered,  the  value  of  the 
fradional,  fpace  between  zero  and  the  laft  paft  grand  divifion, 
ictn  in  the  field  of  the  microfcope,  is  obtained   by  turning  the 
micrometer  head  until  the  moveable  wire  bifedts  the  dot  at 
that   grand   divifion*     The   number  of  notches  towards   the 
right  hand  paffed  over  on  the  fcale^  equal  to  fo  many  revolu* 
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tions  of  the  Head,  are  the  niiiBber  of  miimtes,  always  lefs than 
15^,  to  be  added.  If  there  be  no  odd  feconds,  the  dart  will  then 
ftaiid  at  60"*  00  the  head  ;  but,  if  any  number  of  fecorids  are  to 
be  added,  the  dart  will  ftiew,  by  its  pofition  with  regard  to  60% 
what  that  number  is*  Ihus,  by  adding  the  parts  together!  the 
meafure  of  the  total  angle  is  obtained. 

The  I  contlru£tion,  adjuftment ,  and  application  of  thefe  ver- 
tical microfcopes  have  been  given  TOore  fully,  becaufe  they  fornf 
a  moft  efiential  part  of  the  inftruraent :  for  the  fixed  wire  con>- 
flantly  remaining  on  its  dot/  the  fra<i:ional  fpace  may  be  repeat- 
edly meafured  many  times  over;  if  neceffary,  and  a  mean  reftiif 
may  then  be  taken.  But  it  rarely  happens  that  two  obferversy 
reading  off  with  s  the  oppolite  microfcopes,  differ  more  than  half  a^ 
fecond  from  each-  other  at  the  very  firft  reading.  If  time 
therefore  permits,  and  the  circumftan^es  c^  the  weather  ihoulci 
alfo  be  favourable  for  repeating  the  obfervation  with  the  tele-^ 
fcope,  it  is  fufficiently  obvious  to  what  a  w^onderful  degree  oft 
accuracy  the  meafure.  of  angles  may  inihis  way  be  obtained, . 

Art.  X¥ii  Horizontal  Micro/copes^ 
Bcfides  the  two  vertical  microfcopes,  applied  in  the  manner 
that  has  been  defcribed  to  the  meafurement  of  the  fra£lional 
fpace  in  horizontal  angles^  there  is  yet  another  to  be  men-^ 
tioned,  which  is  placed  horizontally  on^the  bar  that  carries  the 
tranfit  telefcope,  and  is  direfted  to  the  divifions  on  the  femi- 
circle  attached  to  its  axis,  for  the  meafurement  of^  angles  of 
elevation  or  depreffion,  as  has  already  been  taken  notice  oE 
This  microfcope,  which  is  of  the  fame  conftruQ:ion  with  the 
others,  but  larger,  being  upwards  of  nine  inches  in  length,  is 
reprefented  in  its  full  dimenfion  in  Plate  VI.  It  has,  like  the 
others,  a  Aide  made  of  fteel,  of  fuch  thicknefs  as  to  permit  the 
7  micrometer 
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micrometer  ftrew  to  be  formed  of  it ;  and  it  carries  a  vertical 
wire  placed  in  the  focus  of  the  eye-glafles,  in  which  pofitioii 
it  is  moved  parallel  to  itfelf  from  left  to  right,  by  turning  the 
micrometer  head.  This  Hide  is  alfo  attached  to  a  watch  fpiing 
which  afts  in  a  contrary  diredion  to  the  head,  as  in  other  mi- 
crofcopes  of  this  fort. 

Each  degree  of  the  femiclrcle  being  divided  into  two  parts 
or  30%  and  one  revolution  of  the  micrometer  head  moving 
the  wire  in  the  field  of  the  microfcope  3^ ;  therefore  in  10  re« 
yolutions  it  changes  its  place  half  a  degree  or  30^,  which  are 
ihewn  by  a  fcale  of  10  notches  in  the  upper  part  of  the  field 
of  the  microfcope,  and  alfo  reprefented  towards  the  top  of  the 
plate.  Each  notch  correfponds  to  3  minutes  or  180  feconds, 
and  the  head  being  divided  into  3  minutes,  and  each  minute 
into  12  equal  parts,  therefore  each  part  is  of  the  value  of  five 
feconds* 


Art.  X?L  Concerning  the  Semkirck. 

With  regard  to  the  femicircle,  which  has  been  repeatedly 
mentioned  in  the  courfe  of  this  defcription,  it  is  yet  neceffary 
to  make  fome  remarks;  and  particularly  to  fhew  how,  by  its 
means,  the  axis  of  vifion  of  the  telefcope,  when  adjufted,  is 
brought  and  kept  truly  horizontal,  which  is  efFefted  in  the 
following  manner. 

On  the  oppofite  fides  of  the  horizontal  bar  that  carries  the  tele- 
fcope  there  are  fixed  four  fmall,  but  finely  polifhed  beil-metai 
planes,  two  on  each  fide^  on  the  right  and  left  of  the  top  of  the 
vertical  axis,  in  fuch  a  manner  as  that  the  furfaces  of  the  two 
on  either  fide  are  direfted  to  or  in  the  fame  plane  with  the 
center  of  tlie  axis  of  the  telefcope.     Thefe  planes  will  be  bell: 
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conceived  bjobferfiiigattetiti?ely  the  top  of  the  vertical  axis 
in  the  feftion  towards  the  right  hand  of[  Plate  W.  Oh  the  edge 
of  the  femircircle  may  likewife  be  feen  a  moveable  clamps  eafilj 
made  to  flip,  with  the  hand  only,  around  its  circumference^ 

and  It  carries  with  it  a  very  fine  fteel  fcrew*  When  the  femi* 
circle  is  towards  the  left  hand  of  the  telefcopei  which  is  its, 
ordinary  pofition^  the  point  of  the  fteel  fcrew  refcs^  or  may  be 
made  to  reft^  p^^P^ndicukrly  on  the  furfaqe  of  the  plane 
that  is  on  the  left  of  the  vertical  axis.  But  when  the  tele* 
fcope  is  Inverted  in  its  Y^s,  or  turned  upfide  down,  as  is  the 
cafe  In  adjufting  the  line  of  collimation^  the  femicircle  being 
then  on  the  right  of  the  telefcope,  and  the  clamp  neeeflarily 
brought  down 5  the  point  of  the  fteel  fcrew  accordiogiy  refts 
perpendicularly  on  the  furfice  of  the  plane  to  the  right  of  the 
vertical  axis.  Thus  It  .will  be  readily  conceived^  that  In  ad- 
jufting  the  telefcope  by  the  level  for  elevations,  which  is  then 
conftantly  fufpended  on  its  proper  rod,  parallel  to  the  axis  of 
vilion,  the  a£lion  of  the  fteel  fcrew  on  the  bell-metal  plane 
ferves  not  only  for  the  adjuftment  of  the  telefcope  in  a  truly 
horizontal  pofitionj  for  angles  of  elevation  or  depreffio^,  by 
the  motion  of  a  wire  in  the  focus  of  its  eye-glafs,  in  the  man- 
ner hereafter  to  be  defcribed,  but  alfo  to  keep  it  in  that  pofi- 
tion,  by  the  foperior  weight  of  the  eye  end,  reodered  fo  on 
|)urpofe.  By  the  fime  means  the  telefcope  remains  fteadily  on 
any  objed  that  it  may  be  direfted  to  for  interfeaion,  whether 
above  or  below  the  plane  of  the  horizon. 

One  thing  more  with  regard  to  the  femicircle  Ixiuft  be  men- 
tioned, namely t  that  it  gives  angles  of  elevation  1 2^^  too  great, 
and  thofe  of  depreffion  1 2'^  too  little^     It  is  very  eafy  to  con- 
,  caive,  that  this  arofe  from  the  impdffibllity  of  dividing  it  on 
the  axis  of  the  telefcope  to  which  it  is  fixed,  and  through  the 
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centers  of  whofe  pivots  an  imaginary  line  paffes  that  fhould  at 
the  fame  time  have  paffed  through  the  center  of  the  femicircle* 
Mr.  Ramsden  took  the  heft  method  that  (sonld  be  devifed  to 
render  the  excentricity  as  little  as  poffible.  Having  framed  the 
femicircle,  and  ferewed  it  inuts  place  on  the  axis,  he  made  a 
fteel  point  firmly  fixed  to  the  horizontal  bar  defcribe  the  con- 
centric arcs  whereon  the  divifions  were  afterwards  to  come,  and 
then  marked  the  point  for  zero,  when  the  telefcope  by  adjuft- 
ment  had  been  brought  as  nearly  horizontal  as  poffible.  Tbefe 
previous  fteps  being  taken,  the  femicircle  was  removed,  divided 
on  the  engine,  and  replaced  in  its  orginal  fituation.  Never- 
thelefs,  when  the  inftrument  was  carried  into  the  field,  and 
fcrupuloufly  adjufted,  the  error  was  found,  as  hgs  above  been 
faid,  1%^^^  which  of  courfe  became  the  conftant  quantity  to  be 
applied  with  its  proper  .fign,  when  angles  of  elevation  or  de- 
prefiion  were  taken. 

Art.XVIL  Eye-glafes  of  the  tekfvopes^  and  mechanifm  of  the 

wires  in  their  foci. 

It  has  been  already  mentioned,  that  the  telefcopes  of  the  in* 
(ftrument  are  furnifiied  with  eye-glaffes  of  different  magnifying 
powers  for  ere£t  and  inverted  vifion,  fix  for  each  telefcope,  as 
fdlows,  vi%. 
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Witli  regard  to  thefe  eye-glalTes,  it  is  only  necelTary  here  to 
mention,  that  thofe  of  the  leaft  magnifying  poWers  were  found 
both  in  day  and  night  bbfervations  to  anfwer  the  beft* 

hi  the  focus  of  the  eye-glafs  of  the  lower  telefcope  there 
are  only  two  wires  croiUng  each  other  in  acute  angles,  which 
are  vertical,  inftead  of  being  placed  at  right  angles,  horizbn- 
ta:lly  and  vertically,  as  was  the  ancient  method.  Since  the 
lower  telefGope  never  moves  through  more  than  a  few  degrees 
of  a  vertical  arc,  the  wires  require  little  or  no  adjuft men t. 
Neverthetefs  this  was  provided  for,  by  allowing  room  for  a 
fbiall  circular  motion  of  the  end-piece,  which,  when  adjufted^ 
is  then  faftened  by  its  proper  forews,  and  never  afterwards 
needs  any  alteration. 

By  referring  to  the  middle  part  of  Plate  VL  two  reprelen^ 
tations  of  the  eye  end  of  the  upper  telefcope  will  be  feen,  with 
the  eye-piece  removed.  Five  wires  are  fhewn  in  this  end, 
namely,  two  that  interfed:  each  other  in  acute  angles,  fimilarly 
to  thofe  in  the  lower  telefcope ;  and  three  that  lie  horizon- 
tally or  parallel  to  each  other.  Four  of  thefe,  vt%.  the  two 
that  form  the  acute  angles,  and  the  two  extreme  horizontal 
wires,  are  fixed  in  the  focus  of  the  eye-glaffes  to  the  farther  fur- 
face  of  a  thin  brafs  flide,  fuppofed  to  be  feen  through  the  out- 
ward brafs,  and  therefore  Ihaded  more  dark  than  the  reft.  This 
Aide,  as  will  be  conceived,  lies  neafeft  the  eye,  and  is  move^ 
able  from  right  to  left,  znA^  vice  ver/a^  horizontally,  for  the 
adjuftment  of  the  line  of  collimation,  by  the  infertion  of  a 
fmali  mill- head  key,  oh  a  fquare  pin  fitted  to  receive  it,  and 
fecured  by  a  focket  on  the  right  hand  fide.  The  fifth  or  mid- 
dlemofl:  horizontal  wire  is  attached  to  the  neareft  fur  face  of  a 
fteel  Aide,  that  lies  contiguoufly  to,  but  beyond  the  former. 
It  is  made  of  one  entire  thick  piece,  like  thofe  of  the  micro- 
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Icopes,  to  permit  the  micrometer  fcrew  to  be  formed:  of  it ; 
and  it  is  reprefented  in  the  uppermoft  figure  attached  to  ■%_ 
watch  fpring  coiled  up  in  the  ufual  manner. 

By  the  mo^iion  of  the  micrometer  head,  the  (llde,  and  with 
it  the  wire^  moves  upwards  or  downwards  ui  thefieid  of  the 
telefcope,  a  fpace  equal  to  half  the  diftance  of  the  extreme 
wires  from  each  other.  This  motion  above  or  below  the  cen- 
tral point,  which  was  made  to  correfpond  with  the  acute  inter- 
feftion  of  the  wires  placed  in  the  axis  of  vifion  of  the  tele- 
fcope, is  performed  in  ten  revolutions  of  the  head,  as  denoted 
bj  the  motion  of  the  dart,  ten  divifions  upwards  or  down- 
wards, in  the  narrow  groove  feen  at  the  top  of  the  figure. 

Now,  by  the  means  of  this  piece  of  mechaiiifiii:  in  the  eye- 
end  of  the  telefcope,  it  will  appear  fufBciently  obvious,  that 
Imall  angles  of  elevation  or  depreffion  may  be  determined  with 
great  accuracy,  when  the  value  of  a  certain  number  of  revo- 
lutions and  parts  (th^  circumference  of  the  head  beitag  divided 
into  loo)  have  been  once  afcertained;  by  i:epeated  obfervatibnsj 
of  the  altitude  of  any  well-defined  objoQ^  %dkm  by  the  £emi- 
circle.  Thus  it  was  found,  by  experiment,  that  7^%^  revqlajtions 
of  the  micrometer  head  were  equal  to  an  angle  of  eleyation  or 
depreffion  of  10^59^^,  or  659^^  on  the  femicircle.  Whence 
it  follows^  that  one  revolution  raifes  or  depreffes  the  wire  above 
or  below  the  central  point  i '  24/^8 1 34,  or  a  littb  tBore  than 
84''^8  r .  And  hence  a  motion  of  one  divifion  on  the  head  raifes 
or  depreffes  the  wire  nearly  ^^.!^ths  of  a  fecond. 

In  this  manner  were  determined  the  reciprocal  elevations  or 
depreffions  of  the  feveral  itations  of  the  feries  of  triangles  with 
regard  to  each  other. 

By  obferving  attentively  the  four  forews  reprefented  in  the 
outward  end  of  the  telefoope^  a  dotted  groove  will  b^  feen 
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under  thd  head  of  each.  And  in  the  uppermoft  figure  there 
appears  a  flat  bfafs  ring,  foldered  to  the  infide  of  the  tube 
about  half  an  inch  froni  the  outward  end,  which  carries  on  its 
furface  four  ftuds  to  receive  the  lo\yer  extremities  of  the  four 
fcrews.  Thus  the  groovds  allow  room  for  a  fmall  circular  mo- 
tion to  be  given  to  the  end-piece  for  the  vertical  adjuftment  of 
the  fork  of  the  wires,  thofe  that  are  horizontal  being  by  coti- 
ftrxi£tian  at  right  angles  with  it.  This  being  done,  the  Icrews 
are  made  very  fafl:  in  the  ftuds  below,  and  thereby  the  whole 
machinery  of  the  end-piece  is  rendered  perfc£liy  firm  and 
fecure. 

There  remains  yet  one  piece  more  to  be  barely  mentioned.  It 
is  the  prifm  eye-tube,  reprefented  by  dotted  lines  towards  the 
right-hand  fide  of  Plate  VI.  as  attached  to  the  eye  end  of  the 
tranfit  telefccpe,  inftead  of  the  common  eye-piece  with  two 
convex  gl'affes.  In  leaning  over  our  inftrument  to  obferve  the 
pole  ftar,  highly  elevated  in  thefe  latitudes,  the  body  is  necef- 
larily  thrown  into  an  inconvenient  latigurng  pofture,  whereby 
fome  ri&  ia  run  of  deranging  the  inftrument,  and  confequently 
of  making  the  obfervations  lefs  accurately  than  when  the  ob- 
ferver  can  look  direftly  forward,  without  bending  the  body  fo 
much.  For  this  purpofe,  Mr.  Ramsben  promifed  to  fupply 
the  prifm  tube  in  1787  ;  but  it  was  only,  and  with  great  dif- 
ficulty, obtained  in  1788,  by  which  time  Mr.  Dalby  had 
accuftomed  himfelf  to  obferve  very  well  without  it,  fo  that  it 
was  never  ufed. 

By  employing  this  piece,  light  is  no  doubt  loft;  becaufe  the 
image  pafles  through  more  glaflTes  before  it  reaches  the  eye,  than 
when  the  common  eye-piece  is  ufed.  But  for  obfervations  of  ftars 
nearer  the  zenith  than  the  pole  ftar  is  in  our  latitudes,  it  would 
be  indilpenfably  neeeflary.  It  would  likewile  be  advantageoufly 
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ufed  ill  looking  at  the  meridian  fun  in  fummer,  for  which  pur- 
pofe  it  is  fumifhed  with  dark  glaffes,  placed  in  a  flide  moved 
by  rack- work,  as  may  be  feen  from  infpeftion  of  the  plate« 
They  confift  of  three  prifms,  laid  clofe  to  each  other,  fo  as  to 
form,  when  thus  aflembled,  a  parallelopipid.  Here  the  green 
prifm  ftands  neareft  to  the  eye,  a  dark  one  farthelT:  from  it,  and 
between  the  two,  one  of  white  flint  glafs,  for  corredlion  of 
the  refraction  which  would  otherwife  take  place.  It  will  eafily 
be  conceived,  from  the  dlfpofition  of  the  prifms,  that  the 
darkeft  medium  is  here  towards  the  left;  and  that  it  becomes 
gradually  lighter  towards  the  right  hand,  where  a  void  part  in  the 
frame  Is  brought  into  the  field  when  the  ftars  are  obferved  ;  or 
when,  from  the  circumftances  of  the  weather,  it  majr  be  unne- 
ceflary  to  fcreen  the  eye  from  the  fun's  rays. 

Art*    XVIIL    General    management    of    the    injtrument  for 

obfervation. 

When  the  inftrument  is  ufed  on  the  ground,  it  is  covered 
from  the  v^^eather,  under  a  circular  tent,  eight  feet  in  diame- 
ter* Four  fhort  piles,  hooped  and  fhod  with  iron,  are  driven 
into  the  earth,  and  their  heads  levelled,  by  laying  acrofs  from 
one  to  the  other  a  mahogany  ftraight  ruler,  having  a  fpirit 
level  attached  to  one  fide  of  it.  The  feet  of  the  Hand  being 
then  placed  on  piles,  are  firmly  faftened  to  them  by  means  of 
long  fquare-headed  fcrews,  only  one  of  which  may  be  feen  in 
the  view  of  the  inftrument,  belonging  to  that  foot  which  ftands 
B^areft  the  eye.  By  working  with  the  four  fcrews  fixed  in  the 
o^agonal  mahogany  plane,  the  plummet  fufpended  from  the 
center  of  the  inftrument  is  brought  accurately  over  the  point 
on  the  ground  that  marks  the  ftation.  The  fcrews  of  the  ktU 
with  the  fide  nuts  appertaining  to  them,  are  then  flackened, 
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to  give  Efficient  room  for  the  adjuftment  of  the  mftrument, 
which  by  them  is  brought  to  be  level. 

Art.  XIX.  Adjujlment  of  the  axis  Level. 

The  axis  of  the  upper  or  tranfit  telefcope  being  brought  over 
any  one  of  the  feet,  and  the  circle  being  clamped,  hang  the 
axis  level  on  the  pivots  ot  anf^  of  the  telefcope,  and  bring  the 
bubble  to  the  two  indexes  j  then  reverfe  the  level,  that  is,  turn 
it  end  for  end,  and  note  the  difference.  Bife^  this  difFerencey 
one  half  by  the  level's  proper  adjufting  fcrew,  and  the  other 
half  by  that  foot- fcrew  only  which  is  in  a  line  with  the  axis. 
This  operation  being  repeated  until  the  difference  wholly  va- 
niflies,  the  level  will  be  truly  adjufted,  that  is  to  fay,  the  bub- 
ble will  reft  between  the  fame  points  in  both  pofitions* 

Art.  XX.  Adjujiment  of  the  elevation  Leveh 
This  level  being  fufpended  on  the  rod  attached  to  the  out- 
fide  of  the  tranfit  telefcope,  fcrew  the  ere£k  eye-tube  on,  to 
make  that  end  preponderate.  Adjuft  the  bubble  to  the  indexes 
by  the  fteel  finger- fcrew  at  the  tail  of  the  femicircle's  clamp. 
Reverfe  the  level,  and  note  the  difference.  Then  bifed  that 
difference,  and  corred  one  half  by  the  finger  fcrew,  and  the 
olherhalf  by  the  proper  adjufting  fcrew  under  the  level,  and 
fo  on  rejpeatedly  until  the  difference  wholly  vanifhes.  The 
level  may  then  be  hung  on  the  two  pins  that  projed  from  the 
horizontal  bar  which  carries  the  telefcope,  where,  being  pa- 
rallel to  the  axis  level,  it  will  fliew  when  that  is  removed  (as 
is  commonly  the  cafe  when  terreftrial  objeds  only  are  obferved) 
whether  the  plane  of  the  inftrument  fuffers  any  alteration. 
If:  this  ftiould  have  happened,  the  level  on  the  horizontal  b^r 
is  at  all  times  lufficient  to  corred  it. 
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Art.  XXL  ^ofit  the  vertkal  Jxh  ferfendtmkr. 

This  may  be  done  by  either  level,  but  beft  with  the  axis 
level,  which  being  fufpendecl  on  its  pivots,  muft  be  brought 
parallel  with  two  of  the  feet  of  the  inftrument ;  and  by  the 
fcrews  of  thefe  two  feet,  the  bubble  is  to  be  brought  between 
its  indexes.  The  circle  being  then  turned  round  iSo"*,  if  the 
bubble  changes  its  place,  half  the  difference  is  to  be  corre<Sted 
by  one  of  the  feet  fcrews,  and  the  other  half  by  two  capftan- 
headed  fcrews,  that  act  againft  each  other,  under  and  belong- 
ing to  one  of  the  Y*s,  or  fupports,  in  which  the  pivots  reft. 
When  the  bubble  is  found  to  be  juft  in  thefe  two  pofitions,  turn 
the  circle  90'',  which  will  neceffarily  bring  the  axis  over  the 
third  foot  of  the  inftrument.  Then  corre<ft  any  error  there 
may  be  by  that  foot  fcrew.  In  this  manner  the  circle  will  be 
made  to  revolve  again  and  again,  without  any  alteration  what- 
ever of  the  bubble,  which  fhews  that  the  vertical  axis  is  then 
truly  perpendicular  to  the  hori2;on. 

Aet.  XXII.  T^o  make  the  Urn  of  CMmamon  in  the  ielefiope  at 
right  angles  with  the  tranfverfe  Am* 
The  pivots  refting  in  their  Y's,  dired  the  telefcope  to  fome 
diftant  well-defined  obje^,  and  let  the  circle  be  clamped. 
Then  reverfe  the  axis,  that  is,  turn  the  telefcope  upfide  down. 
If  the  interfeftion  of  the  vvires  does  not  co-incide  with  the 
ohjedt  in  both  portions,  half  the  difference  muft  be  corrected 
by  the  oiotion  of  the  circle  with  the  Hookas-joint,  and  the 
other  half  by  the  motion  of  the  brafs  Aide  in  the  eye  end  of 
the  telefcope,  by  applying  the  milled-head  key  in  the  fmall  focket 
feen  on  the  right  hand  fide  in  Plate  VI.  and  fo  repeatedly  until 
the  diiFerence  wholly  difappear^. 
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Art <». XXIII.  fd?j^if  the  Rod  on  which  the  elevation  Un^el  hangs 
parallel  to  the  line  of  Collimation, 

The  vertical  axis  being  fuppofed  to  be  nearly  vertical,  hang 
the  level  on  its  rod,  and  rectify  the  bubble  by  the  finger  fcrew 
of  the  clamps  Set  the  horizontal  wire  on  the  fteel  Aide,  to 
interfeft  the  center  of  the  oblique  wires,  and  place  the  dart  or 
index  at  zero  on  the  micrometer  head.  I'heu  obferve  fome 
diftant  diftin£t  objed  covered  by  the  horizontal  wire.  Invert 
the  femicircle,  that  is,  turn  the  azimuth  circle  i8o%  and  the 
telefcope  upfide  down,  fo  as  to  bring  the  wire  upon  or  nearly 
upon  the  fame  object.  Now,  if  the  level  be  not  right,  reftify 
it  by  the  finger  fcrew  at  the  tail  of  the  clamp.  If  the  telefcope 
does  not  now  accurately  cover  the  fame  obje£t  as  in  the  former^ 
pofition,  bifeft  the  diierence  by  tho  finger  fcrew  of  the  clamp^ 
and  then  re£lify  the  bubble  by  the  capftan-nuts  under  one  end 
of  the  rod/  Repeat  this  operation  ui;itil  the  level  is  right, 
when  the  telefcope  fees  the  fame  obje£tS  in  both  ^ofitions,  and 
thereby  the  rod  will  be  brought  parallel  in  altittide  to  tlie  line 
of  collimation  or  axis  of  vifion. 

The  adjuftments  of  the  microfcopes  having  been  already  fuf-* 
ficieptly  explained,  in  giving  the  defcription^  of  the  eflfential 
parts  of  the  inflrument,  it  is  unneeeflary  here  to  repeat  them^ 

Art.  XX1¥.  Of  the  weight  of  the  ir^rtmenti  dnii'mode^^^^^ 
transporting  it  from  place  to  places 
The  in  fir  u  men  t,  whofe  def<:ription  and  ufes  we  Have  liere 
attempted  to  give  in  a  general  way,  without  reference  to  its 
minute  parts,  by  a  multitude  of  difFerentcharaders,  weighed  in 
the  whole  about  aoo  lbs.     It  is  contained  in  two  deal  boxes; 
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one  of  a  circular  form  for  the  body  of  the  hiftfument;  and 
the  other  of  an  oblong  fqiiare  figure,  for  the  tranfit  telefcope^ 
Within  this  laft  box  there  is  one  of  mahogany,  that  holds  all 
the  fmaller  parts  of  the  apparatus.  The  ftand,  fteps,  ftools, 
pullies,  ropes,  tent,  and  canopy  for  the  fcaffbld,  &c.  &c. 
weighed  at  leaft  as  much  more.  The  whole  attirail  was  tran- 
Iported  from  place  to  place,  ici  a  four-wheeled  fpring  carriage, 
drawn  by  two,  and  fometimes  by  four  horfes.  The  carriage 
part,  originally  that  of  a  crane-necked  phaeton,  was  prefented, 
with  his  ufual  liberality,  by  Sir  Joseph  Banks;  and  upon  it 
was  built  a  kind  6f  caravan,  covered  with  painted  oil-cloth, 
whereby  every  thing  within  was  kept  dry  and  fecure. 


S  E  G  T  I  O  N    THIRD. 

Defcription  of  various  articles  of  machinery  made  ufe  of  in  the 
trigonometrical  operation  referred  to  in  Plate  VIL  Alfo  the 
diJiinSiion  of  the  fiatiom  into  two  fets^  thofe  of  the  fecond  fet 
being  referred  to  in  Plate  VIIL 

ARTictE  I.  Portable  Scaffold. 

IN  the  account  of  the  meafurement  of  the  bafe  on  Houn- 
flow  Heath  we  have  fliewn,  that  the  furface  of  that  remarkable 
plain  is  not  elevated  more  than  fifty  or  fixty  feet  above  the  mean 
level  of  the  fea.  From  this  fmall  elevation,  and  the  circum- 
ftance  of  its  being  furrounded,  almoft  on  every  fide,  with  lofty 
trees,  it  was  from  the  beginning  fufEciently  obvious,  that,  in 
order  to  be  enabled  to  make  the  obfervations  of  the  collateral 

ftations 


ftatioiis  from  the  extremities  of  the  bafe,  it  would  ba  abfo- 
lutely  ueceflary  to  raite  the  inftrument,  by  fome  means  or 
other,  to  a  confiderable  height  above  the  ground.     For  this 
purpofe   the   portable  fcafFold,  whofe  plan  and  elevation  are 
reprefented  on  the  left  hand  fide  of  Plate  Vll.  was  conftru£led. 
It  conlifted,  as  may  be  feen,  of  an   inward  fcafFold  for  flip- 
porting  the  iaftriiment,  and  an  outward  one  for  the  obfervers^ 
wholly  free  and  independent  of  each  other,  the  platforms  of 
both  being  framed  about  thirty-two  feet  above  the  lower,  ends 
of  the  fcantlingSj  which  reft   on   the   ground.     Thefe  being 
made  of  fquared  deal,  and  the  feveral  parts  being  bolted  aixd 
icrewed  together  with  many  iron  fcrews  iecured  by  nuts,  the 
whole  could  be  readily  taken  to  pieces,  carried  in  a  waggon  (for 
which  it  made  a  complete  load),  and  replaced  again  in  any  new 
lituation.     This  feaffold  aniwered  very  well  the  purpofe  for 
which  it  was  intended ;  for  the  Hep-ladders,  or  ftairs  leading 
to  the  platform,  being  attached  to  the  outward  frame,  the  in- 
ward one  that  carried  the  inftrument  remained  undifturbed  by 
the  motion  of  th^ie  who  went  up  and  down,  or  walked  around 
the  top.     The  -filk  thready  that  fufpended  the  plummet,  was 
focured  from  the  effe£l/S  of  the  wind  by  a  fort  of  funnel  or 
trunk,  coiiipdled  of  three  deals  (one  fide  being  left  open);  and 
fo  contrived  as  to  be  eafiiy  turned  round  to  any  quarter  of  the 
heavens,  whereby  the  open  fide  was  always  p relented  to  lee*» 
ward.     The  inftrument  was  covered  from  the  weather  by  a 
canvas  canopy,  aboiit  (even  feat  iquare,  to  which  fide  walls 
could  be  hooked  for  foreening  it  from  the  wind,  as  occafion 
might  require.     By  referring  to  the  elevation  it  will  be  feen, 
that  the  fcaffolds,  both  outward  and  inward,  might  be  divided 
horizontally  into  two  parts,  fo  as  to  permit  the  uppermoft:  half 
alone  to  be  ufed  when  it  became unneceiary  to  raiie  theinftru- 
VoL.LXXX.  Y  raent 


162  Gen. 'BoYh  j^ccount  of 

meet  to  a  greater  height  than  fifteen  or  fixteen  feet  above  the 
ground.  The  whole  together  was  never  made  ufe  of,  except 
at  the  two  extremities  of  the  Hounflow  Heath  bafe.  The 
iippermoft  half  was  applied  at  three  of  the  ftations  only, 
namelj,  St.  Ann's  H1II3  Botley  Hiilf  and  Padlefworth  near 
Dover, 

Art.  IL  f^npod  Ladder. 
Next  to  the  fcaflbld  the  plate  reprefents^  In  plan  and  feftion, 
a  tripod  ladder,  about  thirty-five  feet  in  height.     It  carries  on 
its  top  a  globe  lamp,  of  about  one  foot  in  diameter^  in  which 
was  ufed  a  fimple  Argand's  burner,  of  a  large  fize,  made  for 
that  purpofe.     The  lamp  being  removed,  a  focket  for  a  white 
light  might  occafionally  be  fubftituted  in  its  place ;  or  (as  was 
the  cafe  when  we  obferved  the  ftation  at  King's  Arbour  from 
St.  Ann's  Hill)  a  iag-ftafF  might  be  added  at  the  top,  which 
was  fecured  in  a  truly  vertical  pofition,  by  braces  fixed  to  the  legs 
of  the  ladder  underneath.     It  will  be  readily  conceived,  that  by 
a  contrivance  of  this  fort  a  white  light  could  be  raifed  to  a  con- 
fiderable  height  above  the  ground,  if  the  circumftances  at  any 
time  had  rendered  fuch  elevation  neceflary ;  and  that  it  could,  by 
the  help  of  a  heavy  plummet,  be  always  placed  in  a   truly 
vertical  pofition  over  the  point  on  the  ground  marking  the  fta- 
tion.     The  globe  latrip  was  found  to  anfwer  very  well  for  fhort 
diflances  of  fix  or  eight  miles,  when  the  weather  was  favoura- 
ble; but  it  could  not  be  depended  upon   in  obfervations   of 
diftances  that  were  confiderably  greater. 

Art.  III.  Common  Flag-Jqf^ 
After  the  tripod  ladder,  comes  in  the  plate  the  plan  and 
elevation  of  a  common  flag-ftafF  with  its  braces^  carrying 
3  likewife 
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Iikewife  two  revei'beratorj  lamps.     Thefe  two  were  attached 
to  the  fame  iron  bar,  at  the  diftance  of  three  feet  from  each 
other.     They  had  concave  copper  refleftors,  nine  inches  in  dia- 
meter^  extremely  well  polilhed  and  filvered/    They  were  in- 
tended at  firft  for  experiments   near  London,  and  were  very 
well  feen  at  the  diftance  of  fifteen  or  fixteen  miles.     To  fecure 
lis  from  any  uncertainty  that  might  have  arifen,  by  miftaking 
other  lights  for  our  own,  one  lamp  was  placed  over  the  other* 
But  when  we  came  afterwards  to  be  better  acquainted  with  the 
appearance  of  thefe  lamps,  that  precaution  was  found  to  be 
entirely  unneceffary ;  wherefore  fingle  reverberatories  were  pro* 
vided,  with  fpecula  of  ten  inches  diameter,  and  they  were  fup- 
plied  with  ftill  larger  burners,  which  could  be  feen  at  the  dif- 
tance of  twenty  or  twenty- four  miles.     But  here  it  is  proper  to 
remark,  that  thefe  lamps  muft  be  carefully  watched,  efpecially 
in  expofed  windy  lituations;  for  if  the  cotton  be  drawn  out  a 
little  too  far,  they  are  apt  to  fmoke,  whereby  the  front  glafs 
becomes  obfcure,    and  therefore  muft   be   wiped   frequently. 
They  are  eafily  turned  on  the  pofts  that  fupport  them;  and 
were,  by  the  help  of  a  telefcope  laid  on  one  fide,  parallel  to 
the  axis  of  the  rays  (for  which  a  contrivance  was  provided  in  the 
tin  work)  accurately  prefented  towards  the  ftatioit  occupied  by 
the  inftrument  at  the  time  from  whence  they  were  to  be  ob- 
ferved.     There  was  conftantly  one  of  thefe  lamps,  and  fome- 
times  two,  at  two  different  ftations,  burning  each  night,  when 
we  were  making  obfervations  of  the  pole  ftar,  or  white  lights 
of  (hort  duration,  placed  at  other  diftant  ftations. 


Y  z  Art. 
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,    A  R  T  t.  IV*  ■  Tripod  far  White  LigBts^ , 

Neit  after  the  flag-Haff  -(whereo'ii-  z  focket  for  white  lights 
could  likewife  be  placed ^  %¥hen  the  flag  itfelf  was  removed)  is 
repreleoted  a  fmall  tripod  intended  for  white  lights  oolj«    The 
fame  focket  that  fitted  the  top  of  the  flag-ftafF,  or  lamp-pofi, 
could   be  applied  to  the  tripod,  by  the  help  of  three  fmall 
fbckets  foldered  for  that  particular  purpofe  to  the  fides  of  the 
principal  one.     Deal  rods,  of  five  or  fix  feet  in  height,  or  ha* 
Zeis  cut  from  the  neareft  hedge,  ferved  as  the  legs  of  this  fland. 
The  fockets  themfelves  were  made  of  copper,  becaufe  thole  of 
iron  would  have  been  difiblved  bj  the  fulphuri.  and  the  upper 
part,  which  was  only  an  inch,  or  an  inch  and  an  half,  in 
height,  was  fquare  or  round,  according  to  the  figure  of  the 
boxes  containing  the  compofition,  fometimes  of  one  kind,  and 
fometimes   of    the  other.     Thefe  white-light  tripods,  being 
readily  placed  by  the  help  of  a  plummet  over  the  point  mark- 
ing the  flation,  were  found  to  be  very  convenient  on  the  top 
of  an  open  hill,  or  on  the  leads  of  a  church  fleeple,  as  the 
perfon  attending  them  could  eafily  light  the  box  with  the  port- 
fire, without  the  aid  of  a  ladder. 

■  ■  Art.-  V.  ^'  PortaMe  Cram. 
On  the  right  hand  fide  of  the  plate  is  repre  fen  ted,  in  plan 
and  feftion^  and  by  a  larger  fcale  than  the  others,  a  portable 
€rane  for  weighing  up  the  inftrument  to  the  tops  of  fuch 
towers,  church  fleeples,  or  other  buildings,  as  hecame  ftations 
in  the  feries  of  triangles.  It  was  conftruaed  in  the  Tower  of 
London,  and  anfwered  very  well  the  purpofe  for  which  it  was 
intended/  although  it  might  ftill  be  improved*    Before  we 

were 
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were  fupplkd  with  this  crane,  we  made  fhift,  By  the  help  of 
a  long  beam,  and  a  luoveable  treftle  by  way  of  fulcrum  for  it 
to  reft  upon,  to  get  the  inftrumeot  up  to  the  top  of  its  own 
proper  fcaffdld,  and  one  that  was  ftill  higher,  erefted  over  the 
traiifit  room  of  the  Royal  Obfervatory  at  Greenwich. 

Art*  VL  Reafonsfor  cJmngmg  certain- Stations. 

In  the  courfe  of  the  trigonometrical  operation,  the  center 
of  the  inftrument  has  conftantly  been  brought,  even  almoft 
to  mathematical  exaftnefs,  over  the  precife  point  marking 
the  ftation,  whereby  redu£tions  to  the  center  on  account  of 
eicentricity  have  been  avoided ;  and  the  ftations  have  been 
diftinguiflied,  as  far  as  poffible,  by  permanent  marks  in  fuch  a 
manner,  that,  while  thefe  remain,  the  center  of  this  or  any 
other  inftrument  may  be  again  brought  into  the  fame  vertical 
line.  By  thefe  means  our  recent  obfervations  may  be  repeated 
on  any  future  occafion,  and  conne£*-ed  with  others,  which  it  is 
to  be  hoped  will  be  made  hereafter :  for  this  operation,  the  firft  of 
its  kindiii  Britain,  ftiould  only  be  confidered  as  the  foundatioa 
or  commencement  of  a  feries  of  others,  which  by  degrees  will 
be  carried  to  the  remoteft  parts  of  the  ifland. 

By  comparifon  of  the  annexed  plan  of  the  triangles  with 
that  communicated  to  the  Royal  Society  in  1787,  as  oaly  a 
fketch  of  the  fcheme  then  propofed  to  be  carried  Into  execu- 
tion, it  will  be  perceived,  that  fome  few  ftations  are  omitted 
entirely,  and  others  fubftituted  in  lieu  of  fome  that  were  theti 
intended  to  be  occupied.  Of  this  laft  number  Hanger-hill 
Tower  has  been  made  ufe  of  inftead  of  Kew  Pagoda.  This 
laft  had  been  propofed  on  a  fuppofition,  that  without  a  fcafFold 
of  an  enormous  height,  it  would  have  been  impofTible  to  fee 
Hanger-hill  Tower  from  King's  Arbourt    Neverthelels,  after 

I  a  good 
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a  good  deal  of  trouble,  by  cutting  off  the  tops  of  certain  trees, 
lopping  the  branches  of  others,  and  railing  a  flag-ftafF  on  the 
center  of  the  fcaffold,  thefe  two  ftations  were  rendered  reci- 
procally vifible.  By  thefe  means  w^e  not  only  avoided  making 
life  of  Kew  Pagoda,  which,  from  the  nature  of  the  building, 
would  have  been  a  very  incommodious  llation  ;  but  we  thereby 
got  rid  of  Clermont  Tower  altogether;  and  thus,  inftead  of 
two  fmall  triangles,  one  was  conftituted,  larger  and  better^ 
being  nearly  equilateral. 

In  the  introdudion  there  has  been  occafion  to  take  notice  of 
the  advantage  that  w^as  gained  by  being  able  to  fee  Frant  and 
Fairlight  Down  reciprocally.  From  this  circumftance  the  feries 
from  Frant  eaftward  to  the  bafe  of  verification  becomes  in 
reality  a  double  one,  and  confequently  affords  better  means  of 
afcertaining  the  corrednefs  of  the  work. 

The  fingularity  of  the  fituation  of  Dover  Caftle  has  like- 
wife  been  mentioned.  Inftead  of  two  ftations  near  Tatterlees 
Barn  and  Barefriftan,  w^hereby  it  was  hoped,  that  Dover  Caftle 
might  have  been  conneded  with  the  feries  to  the  weftward, 
it  was  found  neceffary  to  make  ufe  of  three  ftations ;  one  at 
Padlefworth,  one  at  Folkftone  Turnpike,  and  a  third  at 
Swingfield.  Thus  the  fide  which  connects  that  ancient  fort 
with  the  other  triangles  is  fhorter  than  was  intended.  But 
with  fuch  an  inftrument  as  ours,  and  where  all  the  angles  of 
the  triangles  were  obferved^,  no  uncertainty  arifes  on  that 
account. 

Art.  VII.  DtJiinSiion  of  the  Stations. 
Having  affigned  the  reafons   that  rendered  it  eligible  or  ne- 
ceffary to  change  fome  few  of  the  ftations  propofed  in  the  ori- 
ginal fcheme,  it  only  now  remains  to  enumerate  the  whole  as 

diftinguiflied 
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difjtinguiflied  into  two  fets.  .Firft,  thofe  which  are  perma- 
nentlj  marked  by  pipes  funk  in  the  earth;  and,  fecondly, 
thofe  where  the  inftrument  was  elevated  to  the  top  of  fome 
tower,  church  fleeple^  or  other  building.  The  plans  of  the 
platforms  of  this  laft  fet  are  given  in  Plate  VIII.  along 
with  Cuch  dimenfions  as  are  neceflary  to  £hew,  with  regard 
to  the  fide  walls,  the  precifc  fpot  over  which  the  center 
of  the  inftrument  was  placed.  As  often  as  was  poffible,  thefe 
fitiiations  were  further  defined,  by  means  of  concentric  circles 
defcribed  on  the  leads. 

The  ftations  of  the  firft  fet,  marked  with  pipes,  are  fourteen 
in  number,  vi%. 


Hampton  Poor-houfe, 
King's  Arbour, 
St.  Ann's  Hill, 
Hundred  Acres, 
Norwood^     •     .     . 

Botley  Hill,     ,    .    . 

WrothamHill     .     • 
Hollingborii  Hill,     . 

Fairlight  Down,    . 

Ruckinge,     •     .     . 

High  Nook,     . 

Allington  Knoll,     . 
Padfejlworth^     .     • 


( 


{ 


the  extremities  of   Hounllow  Heath 

bafe. 

about  the  middle  on  the  eaft  edge, 
near  the  weft  end  of  the  garden* 
towards  the  Croydon  end  of  the  heights* 
in   a   field    belonging    to    LimpsfieM 

Lodge  Farm, 
in  a  field  belonging  to  Mr.  Johnstok* 
in  a  field  belonging  to  Mr.  Dupper. 
347  feet  fouthward  from  the  Windmill, 
which  makes  with  Fairlight  Church, 
an  angle  of  105°  53''  20^^^ 
f  the  extremities  of  the  bafe  of  verifi- 
1      cation* 

ran  artificial  mount  belonging  to   Sir 
1     John  HoNEFwooD. 

{eaftward  from  the  Church,  in  the 
Broom-field  belonging  to  Mr.Bmocic- 
MAN* 

Folklloae 
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Folkftone  Turnpike  .  .   weftward  from  the  Public-lioufe. 

The  ftations  of  the  fecond  fet,  where  the  inflriiment  was 
elevated  on  buiidingSj  are  nine  iu  number^  vi%. 

Hanger- hill  Tcwer. 

Traniit-room  of  Greenwich  Royal  Obfervatorj. 

North-weft  turret  of  Severndroog  Gaftle,  on  Shooter's  HilL 

Swingfield  Church  Steeple. 

North  turret  of  the  Keep  of  Dover  Caftle« 

Lydd  Steeple* 

Tenterden  Steeple* 

GoQdhurfl:  Steeple. 

Frant  Steeple. 


S  E  C  T  I  G  N    F  G  U  R  T  H. 

"Calculation  of  the  feries  of  triangles  extending  from  Wlndfor  to 
Dunkirk^  whereby  the  geodeiical  diftance  between  the  meridiam 
of  the  Royal  Obfervatories  of  Greenwich  and  Paris  is  deter- 
mined.   Reference  to  be  had  to  Plate  IX* 


Article  I.  Excefs  of  the  angles  of  fpherical  above  thofe  of 

plane  Triangles. 

IF  the  earth,  or  any  confiderable  portion  of  its  furface^ 
was  a  perfed  plane,  an  inftrument,  fuch  as  has  been  formerly 
defcribed,  when  applied  on  that  furface,  to  determine  by  tri- 
gonometrical meafurement  the  extent  of  the  plane  part,  would 
every  where  have  its  axis  parallel  to  itfelf;  and  the  fum  of  the 

three 
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three  angles  of  each  of  the  triangles,  Into  whatever  number^ 
great  or  fmall,  it  might  be  divided,  would  conflaotfy  amount 
to  180''.  But  the  earth  being  a  fphere  or  fpheroid,  it  follows, 
that  the  fame  inftrument,  fucceffively  adjufted  at  each  of  the 
ftations,  will  have  its  axis  perpendicular,  on  a  fphere,  to  an 
equally  curved  furface;  on  a  fpheroid,  to  one  unequally  curved, 
in  either  cafe  forming  the  horizon  of  the  ftation  ;  and  the  fum 
of  the  three  angles  of  fuch  a  fpherical  or  fpheroidical  triangle 
miift,  as  is  known,  always  exceed  180%  lefs  or  more,  in  pro- 
portion to  the  lengths  of  the  fides.  When  the  triangles  are 
very  fmall,  the  excefs  being  of  courfe  fmall  cannot  poffibly 
be  difcernible  by  common  inftruments.  Even  the  fineft,  fup- 
pofing  them  free  from  error  of  divifion,  will  fcarcely  render  it 
perceptible,  without  the  utmoft  care  in  making  the  obferva- 
tions.  This  will  be  fufficiently  exemplified  in  the  following 
calculations,  where  a  column  is  inferted  containing  the  fpherical 
excefs ;  and  another  for  the  difference  or  error  between  that  and 
the  excefs  of  the  fum  of  the  obferved  angles  above  1 80^.  From 
thefe  it  will  appear,  that,  notwithftanding  the  goodnefs  of  our 
inftrument,  and  the  pains  taken  in  ufing  it,  we  have  frequently 
failed  in  bringing  out  an.  excefs ;  and  indeed  the  refults  have 
even  fometimes  been  in  a  fmall  degree  defedive. 

It  had  been  at  firft  propofed  to  multiply  the  obfervations  as 
much  as  poffible,  and  particularly  by  fucceffively  changing  the 
zero  of  the  inftrument  to  new  points  (PhiL  Tranf.  1787, 
p,  219.),  to  meafure  the  fame  angles  on  different  parts  of  the 
circle,  fo  as  to  fubdivide  any  errors  that  might  arife  from  in- 
accuracy of  divifion,  or  fliake  at  the  center.  This  principle, 
perfectly  good  in  theory,  and  which  was  adhered  to  as  far  as 
the  circumftances  would  permit,  was  neverthelefs  found,  on 
many  occafions,  to  be  impoffible  in   pradice,  without  facri- 

VojL.  LXXX.  Z  ficing 
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ficing  moch  more  time  than  we  could  afford,  coniiflently  %wit\\ 
the  engagements  entered  into  with  the  F'rench  Gentlemen, 
for  the  co-operation  on  the  Coafl.  At  particular  times,  efpe- 
cially  in  hot  weather,  there  \¥as  fuch  a  tremulous  motion  or 
boiling  in  the  air,  that  it  was  only  during  a  very  fliort  fpace, 
chiefly  in  the  mornings  and  evenings,  that  the  objects  were 
fufficiently  diftin£t  to  be  obferved  with  accuracy*  So  difficult 
it  is  to  do  any  thing  perfe£l:Iy  good  in  this  ivay,  that  a  whole 
day  has  frequently  been  fpent,  after  watching  with  anxious 
care,  in  obtaining  a  fingle  one  that  was  perfe£tly  latisfti€lory  ! 
At  fuch  times  as  thefe  it  would  have  been  abfurd  to  have 
attempted  to  change  the  zero,  which  always  rendered  it  necef- 
fary  to  re-adjull  the  inftrument  by  its  levels. 

In  very  favourable  circumflances  of  the  weather  a  good  ob* 
fervation  by  day  is  preferable  to  one  by  the  white  lights  at 
night;  becaufe,  in  the  firft  cafe,  the  obferver  has  time  at  his 
leifure  nicely  to  bifeft  a  fine  flag-ftaff,  and  repeatedly  to  read 
off  the  angle ;  whereas,  in   the  fhort  duration  of  the  burning 
of  the  light,  he  is  fomewhat  hurried,  from  the  fear  of  loling 
fome  of  the  lights  at  other  diftant  ftations,  if  two  of  them 
happened  to  come  together,  which  now  and  then  they  did^ 
from  the  irregularity  of  the  rates  of  the  watches  of  the  artil- 
lery-men attending  at  the  different  ftations.     It  was,  however, 
by  the  affiftance  of  the  white  lights  only,  that  the  moll:  diftant 
ftations  could  be  rendered  vilible;  and  there  cannot  be  a  doubt 
that,  in  great  trigonometrical  operations  of  this  fort,  thej  will 
be  univerfaOy  adopted  hereafter. 

Sometimes  an  obfervation  has  been  entirely  loll,  or  at  leaft  4 
that  which   had  been  obtained  was  not  thought  a  very  good 
one.     In  fuch  cafes  a  blank  has  been  left  in  the  column  of 
obferved  angles,  and  alfo  in  that  exprelliog  the  error*     But  no 
■  5  bs^  • 
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bad  confequeiice  has  arifen  on  that  account,  there  being  always 
fuch  other  checks  from  the  collateral  ftations,  as  to  ieav^e 
nothhig  doubtful. 

On  the  whole,  although,  for  the  reafons  already  afligned,  w^ 
have  repeated  the  oblervations  feldomer  than  was  at  firft  pro- 
pofed ;  yet  it  will  obvioufly  appear  from  the  refults,  and  parti- 
cularly from  the  near  agreement  between  the  meafured  and 
computed  length  of  the  bafe  of  verification,  that  a  few  very 
good  obfervations  are  greatly  preferable  to  a  mean  that  might 
perhaps  have  been  obtained  of  many  made  in  a  hurry ^  which 
at  beft  would  have  been  but  indifFerent* 

The  quantity  by  which  the  fum  of  the  three  obferved  angles 
of  fpherical  triangles  fhould  have  exceeded  180^  was  found  as 
follows. 

Becaufe  the  excefs  of  the  three  angles  of  a  fpherical 
triangle    above     180^  x  earth's   radius  ==  its   area,    therefore 

=  excefs  above  180°  in  feconds,  if  the  area  and  radius 


Area 


Earth's  rad. 

are  taken  in  feconds.  Now,  60859.1  fathoms  being=i''  on  a 
mean  fphere,  we  get  thoi  log.  of  the  feet  in  a  lecondn: 
2.0061743,  and  twice  this,  or  4.0123486  is  the  log.  of  the 
fquare  feet  in  a  fquare  fecond.  Therefore  log.  area  in  feet 
—  4.01 23486  =  log.  area  in  feconds  ;  and  the  log.  of  the  earth's 
radius  in  feconds  being  5.31 44251,  we  have  area  in  feet 
--4.0123486^5.3144251=  log.  area  in  feet -.9.3267737  = 
log.  excefs  in  feconds  ;  that  is  to  {zjj  from  the  logarithm  of  the 
area  of  the  triangle  taken  as  a  plane  one^  in  feet ^  fubtraSl  the  con-- 
Jlant  logarithm  9-3267^737,  and  the  remainder  is  the  logarithm 
of  the  excefs  above  180^  in  feconds  nearly. 


Z  a  Art« 


l*J2 


Gen.  RoY^s  Account  of 


Art.  IL  Cakulatkn  of  the  Triangles. 


N^of 
triangles. 


Names  of  the  ilations 


Hanger-^hili  Tower 
Hampton  Poor-hoiife 
King's  Arbour 


L 


Obferved 
angles. 


42     2  32 

67  SB  39 
70     I  48 


179  59  59 


Spheri" 
cal 

excefs. 


0.29 


Diff.  or 
error. 


1,29 


The  Base  between  Hampton  Poor-houfe  and  King's 
Arbour  .  « 

,  .,,  ^  j;  f  Hampton  Poor-houfe 

Hanger-hill  Tower  from   |KingVA,bour      . 


Angles  cor« 

reded  for 

calculation. 


42      2    34 

^7  55  39 
70     I  47 


Diftances, 


Feet. 


27404.7 

38461.12 

37922.57 


II. 


St.  Ann's  Hill     . 
Hampton  Poor-houfe 
King's  Arbour 


44   18  51.5 
61   26  33.1 

74  14  35 


179  59  59-6 


0.21 


.0.61 


^     .     ,    «.,.„  r  f  Hampton  Poor-houfe 

St.  Ann  s  Hill  from    \  ^.     %    .   / 

[Kmgs  Arbour     .     • 


44  18  51,5 
61   26  33.5 

74  14  h 


34455-8 


Hence,  in  the  quadrilateral  formed  by  Hampton  Poor '-houfe^ 
Kings  Arbour y  Hanger-hill  Tower ^  zndSt.  Ann's  Hill,  rmking 
nfe  of  the  two  obtufe  angles,  as  contained  within  their  refpec- 
tive  known  fides,  we  have  for  the  mean  diftance  of  the  points 
of  the  acute  angles  at  Hanger  hill  Tower  and  St.  Ann's  Hill, 
expreffed  by  a  dotted  line  in  the  plan  of  the  triangles,  68897.165 
feet* 


Wardrobe  .  Tower   of 

Windfor  Cailie 
King's  Arbour 
St,  Ann's  Hill 


62  40  27.5 
59    9  H 


0.25 


Windfor  Caftle  from  {  f^'"!^  J^^hUL 


58  9  58.5 
62  40  27.5 

59  9  H 


34819.4 
36032.37 


the  Trigonometrical  Operatton. 


^73 


triangles. 


Names  of  the  Nations. 


Obferved 

angles. 


Spheri- 
cal 
excefs. 


Diff.  or 
error. 


Angl.^s  c«>r- 
refted  for 
calculation. 


Diilances. 


Feet. 


Hundred  Acres 
Hanger-hill  Tower 
St.  Ann's  Hill 


53  58  35-75 
68  24  44 

57  36  39  5 


53 
68 

57 


5^  3^-5 

24  44 

36  39-5 


IV. 


^79  59  59-25 


1.08 


-1.83 


TT     J     J  A         r         r  Hanger -hill  Tower 
Hundred  Acres  from  \  ,^^    ?     »   tt-h 
I  St,  Ann's  Hill 


71934.2 
79211.22 


V. 


Severndroog      Caftle, 

Shooter's  Hill 

Hanger-hill  Tower 

Hundred  Acres      • 


53  31  10 

55  53  44-3 
7035    ^-75 


180 


1.05 


I. It 


-0.13 


o  J  r^  £i\    c  r  Hanger-hill  Tower 

Severndroog  Caftle  from    4  „     a  -  d  A 


53 

55 
70 


31     9*75 
53  44 
35    6-25 


84376.68 

74077.66 


Norwood 

Hanger.hill  Tower 
Severndroog  Caftle 


VI. 


107  53  37 
26  12  22.5 

45  54     1-5 


180     o     I 


044 


+  0.56 


T^T  .  r  f  Hanger-hiU  Tower 

Norwood  from  \  ^      ^   ,         ^  ni 
i  Severndroog  Caltie 


107 
26 

45 


53  35-75 
12  23 

54  I.2S 


63673.31 
39155-15 


VIL    ^ 


VIII. 


Norwood 

Hanger-hill  Tower 
Hundred  Acres       • 


88     s  58 
29  41  20.75 


0^53 


29 
62 


5  58.07 
41  21 
12  40.93 


Norwood  from  Hundred  Acres 


TranfitRoom,  Green- 
wich Obfervatory 
Severndroog  Caftle 
Norwood         , 


35648.21 


III   56  50 

47  48  14 
20  14  58 


I(50 


0.0 1 


+  1.9 


/-.  '  1.  rxi^r       ^        £  r  Severndroog  Caftle 

Greenwich  Obfervatory  from     i  ^t  .        a 
''  [  Norwood 


III 

47 
20 


56  50 
48  13 

H  57 


14610.58 
31274.48 


174 


<Ien,  Eoy's  Account  of 


triangles. 


IX. 


Names  of  the  Itations, 


Botley  Hill 
Hundred  Acres 
Severndroog  Caflle 


Obferved 
Angles, 


74  37  17-5 
66  o  56.2 
39  21  46.25 


179  59  S9-9S 


Spheri- 
cal 
excefs. 


0.78 


DifF.  or 
error. 


—  O 


•D  .*!      i-r-ii  r  r  Hundred  Acres     . 

Botley  Hill  from    \  ^  ,         r^  ni 

'^  [  Severndroog  Caitle 


Angles  cor- 

re6:ed  for 

calculation. 


H  37  i^ 
66    o  56 

39  21  46 


Diftances. 


Feet. 


48726.7s 
70194.76 


X. 


Wrotham  Hill     , 
Botley  Hill 
Severndroog  Caflle 


S4  2tS     I 
67  53  n 

57  41  49 


ibo 


1.12 


•  0.12 


Wrotham  Hill  from  \^       ", 

!  Severndroo; 


roog  Caille 


54    2S       I>2-S- 

67  S3  10.25 
57  41  48-5 


72953.12 
799^^-13 


XL 


Frant 

Botley  Hill 
Wrotham  Hill 


50  19  19 

57  15  11-25 
72  25  31.2  ' 


180 


145 


1-3 


50  19  iS 

57  15  J2 

7^  25  3^ 


+  0.15 


^      ^  .  f  Botley  Hill 

Frant  from     i  „r     1       t-r-ti 
{  Wrotham  Hui 


90364.16 
79723-57 


Hollingborn  Hill 
WrothaaiHill  , 
Frant 


84  12  24.5 
48  28  37.5 


^%S2 


■o-  IP     t.        TT-n  r  r  Wrotham  Hill 

Hollmgborn  Hill  from    <  ^      . 


47  i2  59 
84  12  23.5 

48  28  37.5 


81196.58 

107897-5 


Fairlight  Down 
Frant 
Hollingborn  Hill 


48  25  53.5 
79  n    3 


2.85 


48  25  55 
79  23  2 
5^  II     3 


Fairlight  Down  from  I 


Frant 
Hollingborn  Hill 


113928-2 
14.174'?  T 


the  Trigonometrical  Operation. 


^n 


N^of 
triano;le. 


Names  of  the  Nations. 


XIV. 


Goudhiirft 
Botley  Hill 
Wrotham  Hill 


Obferved 
angles. 


35  26  32.5 

40    4  42 
104  28  44 


^79  59  58-5      1-35 


Spheri- 
cal 
excefs. 


Diff.  or 
error. 


■2.85 


Goudhurll  from  \  ^^y.    /,        tt-ii' 
[  Wrotham  Hill 


Angles  cor- 

rec'^l:ed  for 

calculation. 


35  26  34.5 
40    4  42 
104  28  43.5 


Diftances. 


Feet. 


1^1809.3 
80997-43 


XT.     i 


Goudhiirft 
Frant 
Wrotham  Hill 


72  23  32.5 

75  33  16 
32    3  12.8 

180    0     1.3 

0.81 

+  0.49 

Goiidhurft  f 

rom  Frant     . 

7^  23  33.87 

75  33  ^3'(>3 
32    3  12.5 


44389.68 


Hollingborn  Hill 
Wrotham  Hill 
oudhurll 


XVI.    i 


63  46  44 
52     9  1 1.5 
H    4    3*5 


179  59  59 


1.22 


-2.22 


Hollingborn  Hill  from  Goiidhurft  .  . 


63  46  .47 
52     9  II 

64  4    2 


71296.03 


XVII. 


XVIII. 


Tenterderi  • 

Goudhvirll 
HoilingbQrn  Hill 


67  7  55 

68  13  21 


0,85 


Tenterden  from 


Goudhiirft 
Hollingborn  Hill 


Fairlight  Dowb 
Goudhurll 

Tenterden 


49  39  34 
94  59  26 


0.91 


^  .  ,.  ,     -p.         r         f  Goudhurfl 


67  7   56.46 

68  13   19.5 
44  3S  44-04 


54374.66 
7^«55-o 


35  20  58.42 

49  39  35-77 
94  59  25.81 


93625.92 
71634-73 


N° 


i;6 


Gen.  RoY*s  Account  of 


W  of 
triangles. 


XIX. 


Names  of  the  ibtions. 


Aliington  Knoll 
Hollingboni  Hill 
Tenterden 


Obferved 


48  24.  38 
91   34  23 


Spheri- 
cal 
excefs. 


1,05 


Diff,  or 
error. 


A-iv     i.      V-     11  r         f  Holhng^born Hill 
Aliington  Knoll  from  J  ^        ^, 
^  1  Tenterden 


Angles  cor- 
rected for 
calciilaiion. 


48  24  39 
40    o  58.96 
91  34  22.04 


Dtilances 


Feet. 


I  96036.45 


XX. 


XXL 


Lydd 

Aliington  Knoll 
Tenterden 


73     o  27.5 
43  45  22 


0.67 


T     1 J  c         r  Aliington  Knoll 
Lydd  from  ^,  .„   -  ^  , 
•^  L  Tenterden 


63 

73 

43 


14    9.82 
o  27 
45  ^3- 1 8 


47849.27 
66166.93 


Fairlight  Down      , 
Lydd  . 

Tenterden 


S4  59   i^-S 

• '    •     •     • 

62  32  53 


0.99 


Fairlight  Down  from  Lydd 


54  S9 

17.31 

62 

27 

50.18 

62 

32 

S2-5» 

71689.73 


XXIL 


Aliington  Knoll 
Lydd 
Fairlight  Down 


32  59  22.5 

125  42     0.25 


0-33 


Aliington  Knoll  from  Fairlight  Down 


32  59 

23 

125  42 

0 

21  18 

37 

Lydd 

Ruckinge 
High  Nook  near  Dym- 
church 


XXIIL 


\ 


43  20  48.25 
48  58  49-75 

87  40  21.75 


179  59  59-75 


0.21 


-0.26 


The   Base   of   Verification*  between    High    Nook 
and  Ruckinge  ,  ' ,  ,  . 

1    AA  c         fRuckins^e 
Lydd  horn  ^  tt-  ^   ^^    1 
■  ^  1  High  Nook 


43 
48 


20  48.5 
58  49-5 


87  40  22 


106922.5 


28532.92 

41533-89 
3^362.58 


the  TrigoHomeiHcal  t)pe^at4oni 


ir 


N^of 
triangles. 

Names  ol  the  ftations. 

Obferred 
angles* 

Spheri- 
cal 
excefs. 

DIE  or 
error. 

Angles  cor- 

rcifted  for 

calculation. 

Diftances. 

XXIV.  J 

Ailington  Knoll     , 
Ruckinge 
[iigh^'Nook         4 

o           /          // 

91   27   20 
54  ^9  17 

^  34  n  "^'r   ■; 

// 

// 

0      /     // 

91 27 19.5 

54  19  1H.5 
34  13  22 

•         •        •  .      • 

Feet. 

23184.93 

16052.44-.. 

m  59  ss 

0.09 

-2.09 

Allin, 

\r      u  r            [High  Nook 
pjton  Knoll  from  i  •,,  ^1  . 
^                             L  Ruckinge 

Hence/ia  the  quadrilateral  formed  by  High  Nook,  Ruckinge)^ 
Lydd^  z.i\A  AlUngt on  Knoll ^  making  ufe  of  the  two  obtufe  an- 
gles, as  contained  within  their  now  refpe£live  known  fidesv 
we  have  for  the  mean  diftance  of  the  points  of  the  acute  an- 
gles, at  Lydd  and  Ailington  Knoll,  reprefented  by  a  dotted 
line  iti  the  plan  of  the  triangles,  47849.27  feet*  This  dif- 
tance  agrees  accurately  with  the  length  of  the  fame  fide  in  the 
XXth  triangle,  as  given  by  the  bafe  meafured  on  Hounflow 
Heath.  Here  however  it  isi to  be  remarked,  that,  in  order  to 
produce  this  agreement,  the  angle  at  HoUingborn  Hill,  be-, 
tween  Ailington  Knoll  and  Fairlight  Down,  has  been  made 
48^56^28^-  inftead  of  48'' 56^  31  ^^f^  being  a  difference  of 
3'^''l  +  >  which,  according  to  oblervation,  it  fliould  have  been. 
JHad  not  this  redudion  been  made,  the  diftance  between  Ai- 
lington Knoll  and  Fairlight  Down,  being  one  of  the  fides  of 
the  XXIId  triangle,  would  have  been  106924  feet,  that  is  to 
fay.  If  foot  longer.  Now,  fince  this  fide,  compared  with 
the  bale  of  verification,  bears  nearly  the  proportion  of  four  to 
one,  It  follows,  that  the  real  difi^erence  between  the  meafured 
length  of  that  bafe,  and  its  computed  length  deduced  from 
that  on  Hounflow  Heath,  feventy  miles  to  the  weftward,  or  of 


Vol.  LXXX. 


A  a 


eithei: 


1  yS  Gen.  Roy's  Account  of 

either  bafe  with  refped  to  its  oppofite  one,  amounts  only  to 

about  4i  inches. 


N'^  of 
-triangles. 


Names  of  the 
ilations. 


Obferved 
angles. 


Spheri- 
cal 

excefs. 


Diff.or 
error. 


Angles  cor- 
re6led  for 
calculation. 


Dillances, 


XXV; 


XXVI. 


Folkftone  Turnpike 
Allington  Knoli 
ll'wh  Nook 


24   17     6.25 
76     I   54 
79  41     0.7^; 


24  17  6.25 
76  I  53.2s 
79  41     0.5 


180 


0.29 


-f  0.71 


T^  H  /L        n^         -1     r         f  Allington  Knoll 
Foikitone  Turnpike  from  j  p-  1  \t    1^ 


Feet« 


Folkilone  Turnpike 
Ailiogton  Knoll 
Lydd 


109  50  40 
38     2   24 


0.59 


Folkflone  Turnpike  from  Lydd 


55461.7 
I  54706.G 


32     6  56.89I 

^09  50  39-35 
38     2  23.76 


84659.88 


XXVJI. 


XXVIII 


XXIX. 


Padlefvvorth     ,   . 
High  Nook 
Foikitone  Turnpike 


108     9  34.5 
57     2    o 


0.16 


Padlefworth  from  {  ft^^'^'X       \, 
I  i<olkftone  Turnpike 


108  9  34.5 
14  48  25.5 
57     2    o 


, 


Padlefworth 

Lydd 

Foikitone  Turnpike 


105  29  40.5 
9  3^  29 


0.27 


48303.7 


Padlefworth  from 


Lydd  .  . 

Folkftone  Turnpike 


Padlefworth 
Lydd 
Fairlight  Down 


12  16  3 

154  „  5  54-75 


105  29  40 

9  38  29.36 
64  51  50.64 


79533^34 
14713-^2 


0.59 


Padlefworth  from  Fairlight  Down 


12  i6      2,65 
154     5  54.4 

13  38   2.95 


186113.O 


the  Trigmomitrica!  Operation. 


179 


triangles. 


Names  of  tlie 
jftations. 


Obferved 
angles. 


Spheri- 
cal 
excefs. 


DiCor 
error. 


Angles  cor- 

refted  for 

calculation. 


Diftances. 


Swingfield         ♦ 
Padlefworth 
Folkftone  Turnpike 


48  38  15 

60  27  39-S 


48  38  IS   ^ 

7054   S^S 
60  27  39.5 


Feet. 


XXX. 


180 


0.06 


-0.06 


^    .     /.  ij  r  f  Padlefworth 

Swmgfieldfrom   {  p^ikft^^e  Turnmkc 


17056.06 
18525-15 


XXXI. 


Dover  Caflle,  North 

Turret 
Swingfield 
Folkllone 


34  39  26.5 

75  36  40 
69  43  53tS 


180 


0.13 


34  39  26.5 
75  36  40 
69  43  53-S 


Dover  Caflile  from 


Swingfield 
Folkflone  Turnpike 


30559-3^ 

31554.58 


Hence,  in  the  quadrilateral  formed  hjFolkJione  Turnpike^ 
Swingfield^  Padlefworth^  and  the  North  "Turret  of  the  Keep  of 
Dover  Caflle,  making  ufe  of  the  two  obtufe  angles,  as  con- 
tained within  their  refpedive  known  fides,  we  have  for  the 
mean  diftance  of  the  points  of  the  acute  angles  at  Padlefworth 
and  Dover  Caftle  42561.18  feet;  and  hence,  in  the  triangle, 
Dover,  Folkf  one  Turnpike,  Padlefworth,  wq  have  the  acute 
angle  at  Dover  15''  18^  44^''i,  and  that  at  Padlefworth  34^  29^ 
42''''f ,  as  were  repeatedly  obferved. 


XXXII.    < 
I 

Dover  Caftle     . 
Padlefworth         . 
Fairlight  Down. 

.     .     .     . 

152  15  ^5-5 

21  37  55-42 

J52  15  2515 

6    6  39-43 

•     •    •    • 

1 86 1 1 3.0 

0.69 

,    i 

Dov 

er  Caftle  from  Fairlight  Down 

A  a  2 


N° 


ISO 


Gem  RoY^s  Account  of 


W  of 
triangles. 


XXXIII. 


Names  of  the 
ilations. 


Dover  Caflle  » 
Fairlight  Down 
Montlambert     « 


Obfetved 
angles. 


o  /         // 


spheri- 
cal 
excefs. 


7-4 


DiC  or 
error 


Mofitlambert  from 


r  Dover  Cafcle    • 
[  Fairlight  Down 


Angles  cor- 
reded  for 
calculation. 


87  30  29.58 
43  ^9  58.52 
49    9  ^^ 


Diftances. 


Feet. 


168821,07 
245777-5 


Fairlight  Down 
Dover  Caille      , 
Blancnez 


XXXIV. 


4.78 


25  33  S5-oaj 

no  55  29.83 

43  3^  35' IS 


Til  r        f  Fairlmht  Down 

Blancnez  from  i  ^       ^^  ^, 

I  Dover  Came     . 


252469.9 
1 16655,93 


XXXV. 


Dover  Caille 
Montlambert 
Blancnez 


23  ^5     *^-25 


1.84 


Blancnez  ivom  Moodambert 


23  25     0.25 

36  53  18.11 

119  41  41,64 


77^35>Q 


In  tills  laft  trknglcj  the  angle  at  Blancnez,  as  determined 
wkh  great  care  from  a  mean  of  many  obfervations,  by  the 

French  Academicians,  was  found  to  be  1 19°  41^  aS'^^p,  that 
is  to  fay,   la^''./    lefs  than  what  refults  from  our  obfervations 

acrofs^  the  Channel.  This  difference^  which-  is  the  maxlmum- 
of  the  error  between  ns  in  the  joint  operation,  being  fmall^ 
and  of  no  real  Importance  one  way  or  other,  with  regard  to 

the  main-:  point- in  difcuffion,  fined  it  only  varies  the  diflance. 

between  Blancnez-  and  Montlambert   two^- or  three 'feet, ^  and"' 

the   longeft^  fides  of  the  triangles^    which   Gonne£l:   the  two-. 

.Coaftsj  by  eight  qraiine ;,  it  has/.therefore.  heen  judged  beft  not: 

to^ 


the  Tr^gmomeirlcal  Opraiibm  r8i 

to  ifmke  any  alteration  wBatever  on  account  of  tliat  difference 
(except  as  will  be  mentioned  underneath),  but  to  proceed 
with  our  own  fcale  of  diftances  for  fixing  the  relative  fituatioii 
of  Dunkirk;  making ufe,  neverthelefs,  in  the  firft  feven  fol*. 
lowing  triangles,  from  the  XXXVIth  to  the  XLIId  inciufi\re, 
of  the  angles  as  ultimatelj  fettled  by  the  late  French  opera- 
tions, which  Comte  DE  Cassini  has  been  fo  obliging  as  tofup- 
ply  us  with  for  ;that  purpofe.  The  angles  of  the  XLIIId  and 
XLlVth  triangles  are  taken  from  M.  Cassini  de  Thury's 
Book  (La  Meridienne  verifee) ;  and  thofe  of  the  XLVth  tri» 
angle  refult  from  the  combined  operation. 

In  conformity  with  the  exception  above  alluded  to,  we  have, 
in  the  XXXVIth  triangle^  added  ^^^  to  our  angle  obferved  at  Do- 
ver between  Blancnez  and  the^^<:/?^^  of  the  fpire  of  Notre  Dame 
at  Calais  ;  that  is  to  fay,  inftead  of  i  z"  46''  39''^  it  has  been  made 
iz""  46^  42^^  on  a  fuppofition,  that  the  fpire  may  overhang  fb 
much  from  the  perpendicular  towards  Blancnez:  becaufe  the 
fpace  between  the  pofition  of  the  white  light  on  the  gallery,, 
and  the  axis  of  the  fpire,  being  carefully  meafured  by  Dr. 
Bjlagden,  correfponds  to  an  angle  of  p/'^,  whereas  the  obfer- 
vation  gave  only  a  difference  of  6^^. 


N°of 
triangles. 

Names  of  the  flations. 

Angles  cor- 
rected for 
Gal  dilation. 

Dillances. 

XXXVI.  -^ 

N.D.  at  Gala  IS             .               » 

31ancnez  iignal                  -               •- 

Dover  Caftle                 .                .              12^46'  39'' 

..x^        ^  1  •    r         J  Dover  Caille     . 
KD,  at  Calais  from  1^^^^^^^^^^^^^^^ 

Exce:i^  above  180^ ™=o'^ 84. 

0      /       // 

47  27     6 
119  46  12 

12  46  4.a;~ 

Feet* 

I37449-9 
35023.3 

w 


1%2 


Gen.  RoY^s  Account  of 


triangles . 


XXXVIL 


Names  of  the  flations. 


Flennes  fignal.              .  .               * 

Blancoesi  fignal             ,  « 

Montlambert  figqai 

^.           ^       I  ^  f  BlancneE  fisiiial     * 

Fiennes  iimu  from  4  , ,      ,      i        r 

^  [  Montlambert  figna 


Angles  cor- 

re£ted  for 

calculation. 


94  26  27.5 
SI  18  27.3 
34.15    5. a 


Diilances, 


Feet, 


43600.8 
60464.4 


XXXVIIL. 


XXXIX.  s 


N.D.  at  Calais 

Fiennes 

Blancnez 


N.D.  at  Calais  from  Fiennes 


Wat  ten 

N.D.  at  Calais 

Fiennes 


Watten  from 


64  21  43.1 
46  24  25.2 
69   13  51.7 


45219*6 


J  Fiennes 

1  N*D.  at  Calais       | 


27  37  14.8 
66  30  36,2 
85  52     9 


89453-5 

97283.0 


XL. 


XLI. 


Dunkirk 
Watten 
N.D.  at  Calais 


•m     t  •  1   r  r  N.D.  at  Calais 

Dunkirk  from  {  ^^^ 

i  Watten 


Mont  Caffel 

Dunkirk 

Watten 


Mont-Caffel  from  I  ^^^^^-^ 
(  Dunkirk 


51    39    12 

85  57  46.5 
42  23     i-s 


123734-8 
83616.2 


63  24  50 
42     7  12 

74  27  58 


62711.1 

900875 


XLII. 


XLIIL 


Hondicote 

Dunkirk 

Mont^Caffel 


TT     jr  *.    r        fMont-CafTel 
Hondicote  from  <  ^.^     ,  .  , 

I  Dunkirk      . 


Dunes,  llgnal  at  the  eail  end  of  the  bafe 

Dunkirk 

Hondfcote  « 

Signal  on  the  Dunes  from  |  ^     ... 


93  31  34-1 
51  7  4-5 
35  21  21.4 


70260.7 
52228.4 


81  57  30 
4H  43  23 
49  19  7 


fDunes  fignal  • 

Fort  Revers,  weft  end  of  the  bafe 

Dunkirk  ,  . 

;  T\     t  •  1   r         f  Signal  on  the  Dunes 

vTT^r     J'^  Dunkirk  from  i  tc,^,  „ 

XLIV.    Z  1  Fort  Revers 

Fort  Revers  from  the  Dunes,  the  meafured  bafe 

f  \     But  this  bale  by  meailirement  was 

The  difference  is 


S  19  47 
90  17  29 
84  22  44 


39641.0 
40000.5 


40000.5 

37156 

3980B.7 
39801.7 
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In  order  to  complete  the  triangular  connedion  between 
Greenwich  and  Paris,  there  remains  yet  one  triangle  more  (the 
XLVth)  to  be  given,  whereby  we  ihall  be  enabled  to  conne£l: 
the  point  M  near  Dunkirk  with  Dover.  For  this  purpofe  it  is 
iieceflary  to  make  fome  remarks  on  the  Dunkirk  bafe ;  and 
alfo  to  ihew,  from  the  French  operations,  how  the  point  M  is 
fituated  with  refpeft  to  Paris,  Dunkirk,  and  Calais. 

M.  Gassini  deThury,  in  his  book  already  quoted  (p.  2j.  and 
54.)  has  informed  us  of  the  manner  in  which  this  bafe  on  the 
Strand  near  Dunkirk  was  meafured ;  and  that  its  mean  length 
amounted  to  6224.36  toifes,  which  are  equal  to  39801.7  Eng- 
lifli  feet.  Thus  it  appears,  that  there  is  a  difference  as  above 
ftated  of  feven  feet  in  defeft,  between  the  meafured  and  com- 
puted length  of  the  laft  fide  of  a  combined  feries  of  44  BritiOx 
and  French  triangles,  depending  on  a  bafe  meafured  on  Houn- 
ilow  Heath,  and  verified  by  another  meafured  in  Romney 
Marfli.  But  a  feries  of  24  French  triangles,  founded  on  a 
bafe  meafured  near  Paris,  and  correded  by  another  executed 
near  Amiens,  gives  for  the  length  of  the  fame  bafe  near  Dun- 
kirk 19809.94  Englifli  feet,  and  confequently  only  an  excefs  of 
15  inches  with  regard  to  our  refult.  This  very  near  agree- 
ment in  the  determination  of  the.  fame  length  by  two  different 
feriefes  of  triangles,  whofe  extremities  are  lituated  at  fo  great  a 
diftance  from  each  other,  fufBciently  proves  the  excellency  of 
trigonometrical  meafurement,  and  fhews  to  what  a  wonderful 
degree  of  accuracy  operations  of  this,  fort  may  be  brought 
when  fine  inftruments  are  made  ufe  of,  and  great  care  beftowed 
in  the  application  of  them.  Doubtlefs  fmall  errors  may  have 
arifen  in  the  progrefs  of  the  work,  unfeen  on  both  fides;  but 
thefe  falling  fometimes  one  way  and  fometimes  the  other,  they 
feem  fo  far  to  have  compenfated  for,  or  deffroyed  each  other^ 
2  that 
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■  that'  thei'r  effe8:s  liave  almoft  wholly  dlfappeared.    With  regard 
to  the  deficiency  of  feven  feet  found  between  the  actual  mea- 
fiirement  with  the- deal  rods,'  on, the  Strand  near  Dunkirk,  and 
the  trigonometrical  -fefult,  'it  is  necefiary  to  call  to  remem- 
brance what  would  have  happened,  if  the  bafe  on  Hounflow 
Heath  had  been  meafured  with  dur  deal  rods,  when  in  their 
greatefl:  ftate  of  expanfion  from  the  molflure  they  had  Imbibed. 
In   the   volume   of  Philofophicai  Tranfa6:ions  for    1785,  p« 
438.  it  has  been  fhewn^  that  our  bafe  would  thereby  have  been 
rendered  more  than  ieven  feet  and  a  half  too  fliort.     Now, 
although  the  French  rods  were  covered  with  feveral  coats  of 
oil-paint  to  prevent  their  imbibing  the  fait  water,  which  we 
are  told  refted  on  the  Strand  at  particular  places  fix  inches 
deep;  yet  it  is  prefumable,  that  it  would  be  impoflible  to  pre- 
vent it  from  entering  by  the  extremities  at  the  jun£l:ion  of  the 
ferrules,  and  extending  along  the  fibres,  underneath  the  paint. 
Hence,  in  all  likelihood,  the   intended   remedy  would  prove 
worie  than  the  difeafe:  for  the  paint  might  prevent  the  rods 
from  drying  fo  foon  as  they  otherwife  would  have  done,  and 
thereby  the  meafurement  would  be  given  flill  Ihorter  than  If 
no  paint  had  been  applied*     Whether  this  fuppofition  may  ba 
thought  to  be  well  founded  or  not,  Is  left  to  the  determination 
of  thole  who  are  converfant  In  matters  of  this  fort.  But  the  cu- 
rious fad,  one  way  or  other,  might  be  afcertained  by  means  of 
fuch  a  fleel  chain  as   ours,  in  the  j[pace  of  one  or  two  days 
atmoft*     For,   fuppofing  the  extremities  of  the  bafe  between 
Fori  Revets  and  the  Dunes  to  be  accurately  known,  and  the 
allignetnent  traced  out  on  the  Strand  only  with  camp  colours^ 
placed  at  reafonabie  diflances  from  each  other,  and  a  moveable 
cord,  by  the  fimple  application  of  the  chain  on  the  common 
furface,  without  any  extraordinary  apparatus  whatever,  for- 
4  wards 
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wards  and  again  backwards,  the  diftance  might  certainly  be 
determined  within  a  foot  of  the  truth.  And  hence  the  impor- 
tance is  obvious  of  having  at  all  times  fo  accurate  and  eafy  a 
mode  of  meafurement. 

On  due  confideration  of  all  thefe  circumftances^  it  will  not 
bethought  furprifing,  that  in  fixing  the  {ituation  of  Dunkirk 
and  the  point  M  near  it,  where  the  meridian  of  the  Royal 
Obfervatory  at  Paris  interfefts  a  line  drawn  from  thence  to 
N,D.  at  Calais,  the  Dunkirk  bafe^  with  the  corre£tions  de- 
pending upon  it,  are  here  reje£led ;  and  that  the  fcale  of  dif- 
tances  furniflied  by  the  BritiCh  triangles  is  adhered  to,  as  not 
differing  fenfibly  from  the  mean  refult  given  by  the  other  two 
French  meafui^ments. 

From  M,  de  Cassini's  Book,  La  Meridienne  Vtrijik^  p.  5  r, 
53.  and  56,  it  appears,  that  Dunkirk  (rejefliing  the  corredions 
formerly  alluded  to)  is  north  from  the  Royal  Obfervatory  at 
Paris  125522.2  toifes,  which  are  equal  to  133775.3  fathoms. 
And  from  p.  51*  and  57.  it  further  appears  that,  by  the  mean 
of  two  fuites  of  triangles,  Dunkirk  is  eaft  from  the  meridian- 
of  Paris  1420.41  toifes,  which  are  equal  to  1513.8  fathoms. 
Again,  at  p.  276.  of  the  fame  Book,  Dunkirk  is  faid  tobe  north 
1 255 1 7  toifes,  and  eaft  1430  toifes,  which  are  refpe£lively 
equal  to  133769.7  and  1524.2  fathoms.  And,  laftly,  at  p. 
36,  of  the  Defcription  Geometrique  de  la  France^  of  the  fame 
Author,  publiflied  in  1783,  and  which  being  the  lateft  ihould 
of  courfe  be  the  moft  corred  work,  Dunkirk  is' made  north. 
from  the  Royal  Obfervatory  1 25495  toifes,  and  eaft  from  its 
meridian  only  141 6  toifes,  which  are  refpe£tively  equal  to 
133746,3  and  1509.1  fathoms.  Nov/,  without  pretending 
here  to  enter  into  the  inveftigation  of  the  various  corredions 
+  and  -  which  have  been  applied  to  the  angles  of  the  tii- 
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angles^  to  bring  oil t  thefe  difFerent  reixilts,  we  Ihall  abide  by 
the  firll:,  that  being  immediatelj  produced  bj  the  mean  of  the 
obfervations  without  anj  arbitrary  corredlioii  whatever  i  and 
being,  with  regard  to  eaftiiig,  nearly  a  mean  between  the  two 
extremes;  and  fince  we  have  it  in  our  power  to  fettle  with 
great  precifion  the  longitude  of  Dunkirk,  and  likewife  the 
point  M5  witb  regard  to  Greenwich,  we  fhall  then  be  enabled 
to  determine  the  difference  of  longitude  between  the  two  Royal 
Obfervatories  within  a  mere  trifle  of  the  truth. 

By  Comte  deCassini^s  triangles^  executed  in  the  autumn  of 
17875  and  communicated  in  January  1789,  it  appears,  that 
Hondfcote  is  fouth-eaftward  from  the  meridian  of  Dunkirk 
67"*  ^^^  20^^;  which  angle  being  fubtra£ted  from,  the  total 
angle  between  Hondfcote  and  Calais  144°  S^'  ^^^^*5^  being 
the  fum  of  the  three  angles  at  Dunkirk  in  the  XLth,  XLlft^ 
and  XLIId  triangles^  there  remains  y'j^  o^  %'^.^  for  the  angle 
that  Calais  is  fouth-weftward  from  the  meridian  of  Dunkirk, 
And  this  laft  angle  being  again  fubtra£l:ed  from  180%  we  hare 
102^  59^  51 '"'^^ 5  for  the  angle  between  the  fame  meridian  pro- 
duced northward,  and  a  line  drawn  fi*om  Dunkirk  through  M 
to  Calais, 

Now  the  two  diftances.  133775.3  and  15 13 J  fathom-s  being 
feverally  reduced  in  the  proportion  of  39809.94  to  39808,7 
•the  two  lengths  affignable  to  the  baf6  on  the  Strand  near  Dun- 
kirkj  as  formerly  eftabliftied,  we  have  133771.1  fathoms  for 
the  diftance  ■  in  Britilb  meafures  of  the  parallel  of  Dunkirk 
from  that  of  the  Royal  Obfervatory  at  Paris;,'  and  15T3-V75 
fathoms- for  the  diftance  of  Dnnkirk -aaflward  from  -its  meri- 
■diao.  Again,  making  u-'fe'  of  the-  angle  7.7^  o^  ^''.^^  -and  its 
complement  to  ^^^t^-^^g'  S^''4f  we^haFe  1553.56  fathom-s 
for  the  direa  .diftance  between  .  Dunkirk '  and  the' "' point  M;  ' 
2  ■■  alfo 
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alfo  358*6  fathoms  for  the  fpace  thafM  is  fouthward-- froni 
Dunkirk.  But  the  diftance  of  Dunkirk  from  the  Royal  Ob» 
fervatory  at  Paris^  gken  in  the ''276th  page  of  ^M.  Cassini  be 
Thury's  Book^  when  reduced  in  the  ■  proportion  of  "the  tm^o 
bafes  becomes  133765*7  fathoms,  and  taking  a  mean  between 
this  number  and  that  formerly  found  1^3771,1  fathoms,  wd 
have  for  the  mean  diftance  of  Dunkirk  from  the  Obfervatory 
133768.4  fathoms,  froni  which  fubtrafting  358.6  fathoms, 
the  mean  fbuthing  of  M  from  Dunkirk^  there  will  ultimately 
remain  133409.8  fathoms  for  the  diftance  between  M  and  the 
Royal  Obfervatory  at  Paris,  meafured  on  the  meridian. 

Now,  fince  in  the  XLth  triangle  we  have  the  diftance  of 
N^D.  at  Calais  from  Dunkirk  123734  J  feet,  if  from  this  num- 
ber we  fubtrad  1553.56  fathoms::^ 932 1.36  feet,  there  will 
remain  II 44 1 3.4  for  the  diftance  of  the  point  M  from  Calais^ 
Thus,  with  the  fupplemental  angle  to  360"^  at  Calais,  wsj. 
139''  17^  33'^2,  contained  within  its  now  known  fides, 
we  are  finally  enabled  to  complete  the  XLVth  triangle^  and 
thereby  to  determine  the  fituation  of  M  with  regard  to  Dover^ 

SN.B,  at  Calais  *         .         *          139  ^^7  33* ^l  The  fpberical  ex- 

Dover  Caflle  .            .       .           18  24  37.3  >cefs  above  i8o°r: 

M  near  Dunkirk  *             .              %%  17  49*5  J  2'^4a* 
X1.V.  1                                                                                                        3Feef 

N.D.  at  Calais  from  (^^^^^^^^^.^^         .  .  114413.4 

,  Dover  Caile  from  M  .  .  .  236273.7 

Alfo^  Dover  is  from  Dunkirk    .  .  .  ^43291-3 

AiT.  IIL  Uejult  of  the  trtgonometrkd  operation^  in  as  far  as  relates 
to  the  geodetkal  ftuatim  of  the  different  Jlat tons ^  with  regard 
to  the  Royal  Gbfhr'uatory  at  Greenwich* 
Having,  by  the  preceding  calcnlations  of  the   lengths   of 

the  fides  an^meainres  of  the  angles  of  a  eontiniied  fcries  af 

B  b  -a  fbhy- 


llirtj-€ve  trIaiigleSj  deterraiiHc!  th§  rekti*/€  lituation  of  evirj 
llatioo  with  regard  to  thofe  iieareft-  adjacent  to  k^  we.  are  next 
to  f^cw^  from^th-efe  data-^  aod  the  angles  which-  Norm^ood  and 
Severodroog.  Ca-fll§  make  %¥ith ,  the  meridian  of  Greenwich 
Obfen/atorjs  the  fitoation  of  each  ftation  with  refped-  to  that 
meridian,  to  its  perpendicular^  and  alfo  the  dire£l  or  diagonal 
diftance  with  the  bearing  from  the  Obfervatory  itfelf.  Thefe 
%Mrious  determinations  are  eofitained  in  the  fix  firfl:  columns 
towards  the  left  hand  of  the  annexed  table  of  refulta,  wherein 
the  ftations  are  likewife  diftiiiguiflied  into  two  fetSj  as  fituated 
to  the  weft  ward  or  eaftward  of  Greenwich, 

Bj  means  of  a  fcafFold,  perfeftlj  fimilar  in  principle  to  that 
formerlj  defcribed,  but  more  flight  as  being  made  for  the  tem-. 
porary  purpofe  only^  the  ftand  of  the  inftrument  was  raifed  to 
the  height  of  thirty-eight  feet  above  the  floor  of  the  tranlit- 
room  of  the  Obfervatory.     At  this  elevation  all  the  furround* 
ing  obje£l:s  which  we  wilhed  to  obferve  (St.  PauFs  excepted, 
^¥hich  is  hidden  by  the  camera* turret  of  the  great  room)  could 
be  diftin^lly  feen,  and  the  angles  between  them  and  the  fouth 
meridian  mark  accurately  meafured.     As  that  mark  is  but  at  a 
fliort  diftance,  namely,  abotit  1500  feet  from  the  tranfit,  and 
confequently  ~j-Vth  of  an  inch  correfponding  to  about  a  fecond 
of  an  angle  on  the  mark,  it  was  therefore  very  neceflary  that 
the  center  of  the  inftrument  ftiould  be  brought  with  great  pre* 
cilion  over  the  center  of  the  axis  of  the  tranfit-telefcope  un- 
derneaths     In  this  operation,  and  indeed  in  every  other  while 
at  Greenwich,  the  Aftronomer  Royal  gave  ns  his  beft  affiftance. 
In  the  firfl:  place,  the  central  point  of  the  axis  was  determined 
by  the  Interfe^ion  of  diagonal  lines  drawn  acrofs  the  fquare 
part  in  the  middle.     On  this  fquare  part,  when  the  telefcope 
was  in  its  horizontal  pofition^  a  bafon  of  quickfilver  was 

placed. 
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placed,  havbg  a  fraall  crofs  made  of  two  thui  bits  of  wood 
fitted  to  the  iiifide  of  the  bafon,  and  lying  very  near  the  fur- 
face  of  the  quickfilver,  n\  fuch  a  manner  as  to  make  the  center 
of  the  crofs  co-incide  with  the  interfeftion  on  the  brafs  iinder-^ 
iieath.     A  fmall  perfpe£llve  glafs  being  then  fixed  in  a  move- 
able board  under  the  center  of  the  inftrument,  this  was  made 
to  Aide  at  right  angles  to  itfelf  in  the  diredtlon  of  the  meridian 
and  that  of  theaxisof  the  tranfit,  until  the  center  of  the  crofs  co- 
incided with   the  axis  of  vifion   in   looking  downwards.     The 
board  being  there  faftened?  and  the  perfpeftive  removed,  the  in- 
terfeftion  of  filk  threads  ftretched  acrofsthe  board,  marked  very 
accurately  the  point  correfponding  with  the  center  of  the  tran- 
fit,  over  which  the  center  of  our  inftrument  was  brought  by 
the  help  of  the  plummet.     The  feeond  method  was  ftill  more 
dired.     Dr,  Maskelyne  had  an  object  glafs  prepared  for  his 
tranfit  telefcope  of  a  focus  fuited  to  the  vertical  height  of  the 
jftand  of  our  inilrument  above  it.     This  glafs  being  applied  to^ 
the  tranfit,  and  the  aperture  contra£led  by  a  piece  of  pafte- 
board  with  a  circular  hole  in  the  middle^  a  vtvy  fmall  pin-hole 
being  likewife  made  in  the  board  at  top,  the  fame  was  gra- 
dually moved  by   diredions  from  the  obferver  below,  looking 
through  the  telefcope  in  its  vertical  pofition,  until  the  pin-hole 
nicely  co-incided  with   the  axis  of  vifion.     The  inftrument 
was   then  brought  as  before,  by  the   help  of  the  plummet^ 
exaftly  over  the  pin-hole.     In  this  mannerj^  which  was  that 
adhered  to,  no  doubt  remained  of  more  than  about  x-J-e-^b  part 
of  an  inch,  with  refped  to  the  center  of  the  inftrument  being 
in   the  interfedion  of  two  vertical  planes  paffing  through  the 
axis  of  vifion  and  that  of  motion  of  the  tranfit  underneath. 
After  having  remained  a  week^  the  co4ncidence  of  the  pin- 
I  hole 
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liola  With  the  ails  of  vifion   of  the  telefcope  was  tried,  and 

found  to  ha¥'e  fiiffered  no  alteration* 

la  the  Vlllth  triangle,  the  angle  at  Greenwich,  between 
Seve4Midroog  Caitle  on  Shooter's  Hill  and  the  ftation  on  Norwood 
heights^  hath  been  (hewn  to  be  1 1 1""  56^  50^"^  By  feveral  obfer- 
t^ations  on  diiFerent  parts  of  the  circle,  Norwood  ftation  was 
found  to  be  weft  ward  from  the  meridian  38^  f  16%  which  of 
courfe  leaves  for  the  angle  that  Severndroog  Caftle  is  eaftward 
from  it  ^3""  49^^  34''^;  and  either  of  thefe  two  angles  is  fup- 
pofed  to  be  within  a  very  fmail  fraction  of  a  fecond  of  the 
truth- 
No  w,  with  the  fides  and  angles  of  theferies  of  triangles 
already  known,  and  the  angle  jS""  f  1 6''^  now  given,  which 
Norwood  makes  with  the  meridian  of  Greenwich  towards  the 
weft,  it  will  be  fufficiently  obvious  to  thofe  who  are  in  the  leaft 
acquainted  with  plane  trigonometry,  that  the  diftances  of  that  or 
of  any  other  ftation  of.  the  feries,  from  the  meridian  of  Green- 
wich and  from  its  perpendicular,  are  eafily  obtained.     Never* 
thelefs,  that  thofe  who  are  but  little  converfant  with  matters 
of  this  fort  may  themfelves  be  able  to  examine  the  computa* 
tions  whereby  the  columns  towards  the  left-hand  of  the  an- 
nexed table  have  been  fuppiied,  we  fhall  give  one  example, 
%vhich  will  ferve  for  the  whole. 

Suppofe(Plate  X.  fig.  i.)  GM  to  reprefent  the  meridian  of  the 
tranfit-room  at  Greenwich ;  GW  the  perpendicular  to  that 
meridian  produced  indefinitely  towards  the  weft ;  N  the  ftation 
at  Norwood,  and  H  that  at  Hundred  ^cres,  whofe  diftances 
are  required,  that  is  to  fay,  weftward  from  the  meridian,  and 
fouthward  from  the  perpendicular :  then  through  the  ftations 
N  and  H,  kt  dotted  lines  be  drawn  parallel  to  the  meridian 
and   perpendicular   refpedively,  whereby   four  parallelograms 

will 
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will  be  formed.     In  the  lirftj  or  that  which  isiieareft  to  Green- 
wich, having  GN*  in    the  Vlllth  triangle  given  rr  31 274,48 
feet,  and  the  angle  NG;;2=  38°  7^  16^^,  with  its  complement 
NG^  =  5i''  52^  44"^%  it  follows,  that  Um  reprefenting  the  dif- 
tance  of  Norwood  weftward  from  the  meridian  is  =19306.54 
feet;  and  N^ reprefenting  its  diftance  fouthward  from  the  per- 
pendicular is  =  24603.86  feet.  Again,  by  attending  to,  and  fum- 
ming  up  the  angles  round  the  point  N,  we  fliall  find  the  angle 
GNH  =  1 75"*  44^  36'^.82,which  wanting  4^  i  s'  23''.  1 8  of  1 80^, 
Ihews  that  the  diredion  of  the  fide  NH  inclines  fo  much  more 
to  the  weftward  than  the  angle  NG;^.     Wherefore  NGf/a  1=138'' 
Y  16^^  +  4"  15^  23^^18  ==  42°  22^39^I8  =  HNJ,  is  the  angle 
which  the  line  NH  makes  with  Ni,  a  parallel  to  the  meridian  of 
Greenwich  drawn  through  the  point  N.     Now,  in  the  fupple- 
mental  parallelogram,   having  the   diagonal   NH==  35648.21 
given  in  the  Vllth  triangle,  and  the  angle  HNj*  r:42''  22''39^''.i8, 
alfo  its  complement  :^  47''  37^"  ao^^'.Sa,  making  ufe  of  NH  as 
radius,  and  thefe  two  laft  angles  refpeftively,  we  have  j"H:-= 
24027.36  feet  for  the  fpace  that  H  is  more  weftward  than  N; 
and  wH  =  26334.04  feet,  that  H  is  more  fouthward  than  N. 
Hence  ^N  +  iHr=:43333.9  feet  is  the  fpace  that  H  is  to  the 
weftward  of  Greenwich  ;  and  ^N  +  wH==  50937.9   feet  is  the 
fpace  that  H  is  fouthward  from  the  perpendicular  to  the  meri- 
dian of  Greenwich.     Laftly,  with  thefe  two  given  fides,  and  the 
contained  angle  90%  we  find  the  angle  MGHi==:40^  23^  i8''.54j, 
that  Hundred  Acres  is  fbuth-weftward  from  the  meridiari  of 
Greenwich;    whence  the  dire<3:  tor  diagonal  diftan^e  GH  = 
66876.73  ifeet.     Now,  by  referring  to  the  table  of  refulls,  for 
the  two  firft  ftations  weftward  from  Greenwich,  the  numbers 
brought  out  in  this  example  will  be  found  in  the  left-hand  co- 
luirins  under  their  re^ediva  heads>  and  fo  it  would  be  with 


I  g  z  Gen.  Roy's  Account  of 

the  reft*  In  another  place  we  fhall  have  occafion  to  point  out, 
how  the  columns  towards  the  right-hand  of  the  faid  table  have 
been  filled  up* 
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On  ihe  difference  between    horizontal  angles  on  a  fphere  and 

Jpheroid.     Plate  X. 


IN  the  Paper  of  1787,  various  computations  were  given 
concernuig  the  figure  and  dimenfions  of  the  earth,  founded 
chiefly-  on  the  adlual  meafurement  of  different  arcs  of  the 
meridiau  in  different  latitudes,  fome  of  them  very  remote  from 
each  other.  From  the  alternate  comparifon  of  thefe  refults  it 
appeared,  that  the  figure  ailigned  to  the  earth  by  M,  Bouguer 
in  his  fecond  fpheroid  agreed  better  with  thefe  meafured  por- 
tions of  the  curve,  as  fo  many  data^  than  any  of  the  other 
hypothefes.  Hence  it  naturally  occurred,  that  the  trigonome- 
trical operation  which  we  w^ere  then  about  to  commence 
might  probably  throw  fome  further  light  on  this  intricate  fub- 
je£t,  which,  for  a  great  length  of  time,  has  engaged  a  confi- 
derable  fliare  of  the  attention  of  the  fcientific  world.  In  the 
confideration  of  this  matter,  a  new  and  curious  point,  not  for- 
merly attended  to,  and  immediately  connefted  with  our  ope- 
ration, prefented  itfelf  for  inveftigation,  viz.fuppojing  the  earth 
to  be  a  fpheroid^  fuch  as  M.  Bouguer's,  conjiderably  fattened  at 
the  poles ^  what  might  be  the  difference  between  horizontal  angles 
obferved  with  a  fine  infirument  on  that  fpheroid^  and  on  a  fphere  f 

The 
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The  followiog  folutlon  *  of  that  important  probleiHj  being  the 
only  unexceptionable  one  that  I  have  received^  is  here  given  in 
the  author's  (Mr.  Dalby's)  own  words. 

Let  CE  and  CP  (Plate  X.  fig.  a.)  reprefent  the  equatoriat 
and  polar  femi-diameters  of  the  earthy  confidered  as  a  fpheroid 
flattened  at  the  poles ;  PE  and  PN  two  meridians  ;  pe  and  pn 
two  correfponding  ones  (that  is,  in  the  fame  planes)  on  a 
fphere,  having  the  fame  center  C.  Let  the  points  a^  b^  A,  B, 
on  the  fphere  and  fpheroid  have  the  fame  latitudes  refpeCtively. 
Draw  the  radii  ^C^  ^C,  and  the  verticals  AG,  B W. 

Then,  becaufe  the  angles  AON,  BDE,  in  the  fpheroid,  are 
always  equal  to  the  latitudes  of  the  points  A,  B,  thefe  angles 
are  therefore  refpe£lively  equal  to  the  angles  aQn^  bCe^  in  the 
fphere,  and  confequently  the  verticals  AG,  BW,  are  parallelto 
the  radii  -aC,  hQ. 

Let  the  latitude  of  B  or  b  be  greater  than  that  of  A  or  1^ ; 
and  let  it  be  required  to  make  the  horizontal  angle  PAr  on  the 
fpheroid  equal  to  the  angle  ^^^5  or  what  the  horizontal  angle 
would  be  on  the  fphere. 

Becaufe  the  angle  pab  is  meafured  by  the  inclination  of  the 
planes,  ^C^,  aCp^  and  AG  is  the  common  interfedion  of  all 
the  planes  of  the  vertical  circles  at  A,  and  is  parallel  to  ^C, 
and  in  the  fame  plane ;  therefore,  when  the  horizontal  angle 
PAr  is  equal  to  the  angle  pab,  the  planes  GAr,  CAi^,  muft  be 
parallel  to  each  other;  and  confequently  Gr,  the  line  where 
the  plane  GAr  interfeas  the  plane  of  the  meridian  EP,  is  pa- 

^  From  my  correfpondence  by  letter,  and  otherwife,  with  Dr.  Maskelyne,  I 
had  reafon  to  hope,  that  he  would  have  favoured  me  with  feme  commuEicatioii 
on  this  fubjea.  No  doubt,  he  has  been  prevented  by  other  biifmefs  ;  but  he  will 
probably  give  his  method  of  folving  fpheroidical  triangles  to  the  Royal  Society  on 
fome  future  occafion. 

Vol.  LXXX.  C  c  rallel 
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rallel  to  Cb  In  the  fphercj  or  WB  in  the  fpherold.     Hence,  If 

from  G,  the  point  where  the  vertical  AG  meets  the  axis,  we 

draw  Gr  parallel  to  the  vertical  BW,  it  will  give  the  point  r  in 

the  meridian  EP,  making  the  horizontal  angle   FAr  equal  to 

the  angle  pab^  or  what  the  horizontal  angle  would  be  on  the 

Iphere. 

In  like  manner,  if  the  angle  PBv  is  to  be  made  equal  to  the 
angle  pba^  Wv  muft  be  drawn  parallel  to  GA,  and  the  plane 
vWB  will  be  parallel  to  the  plane  AGr;  and  therefore  the 
angles  of  the  fpheroidical  triangles  FAr,  Pt?B,  as  meafured  bj 
the  inclination  of  the  planes,  are  equal  to  each  other  reipec- 
tivelj,  and  equal  to  the  Ipherical  angles  of  the  triangle  ^^^. 

From  hence  it  follows,  |t:hat  if  A  be  the  place  of  an  inftru- 
ment  which  meafu res  horizontal  angles  in  the  meridian  NF  oa 
a  Ipheroid,  and  BT  a  iag-flaff  fet  perpendicular  to  the  furface 
of  the  earth  on  another  meridian  EP,  the  obferved  horizontal 
angle  FAB,  between  the  meridian  PA  and  the  iag-ftafF  BT, 
will  be  greater  than  it  would  be  on  a  fphere  (the  latitudes  and 
longitudes  being  the  fame  In  both)  as  long  as  the  latitude  of 
the  flag-ftafF  is  greater  than  that  of  the  inftrument,  the  excefs 
being  the  angle  BAr ;  but  if  the  latitude  of  the  inftrument  is 
the  greateft,  as  fuppofe  it  was  at  B,  and  the  flag-ftafF  at  A, 
then  the  obferved  angle  PBA  will  be  lefs  than  it  would  be  on 
the  fphere,  the  defeat  being  the  angle  ABi:;,  which,  becaufe 
the  planes  Wt?B,  GAr,  are  parallel,  will  be  the  fame  as  the 
excefs  on  the  other  fide. 

If  the  latitudes  of  the  points  A  and  B  are  the  fame,  the 
planes  Wt;B,  GAr,  will  co-incide,  or  the  verticals  will  meet  In 
the  fame  point  in  the  axis,  and  therefore  the  obferved  angles 
will  be  equal  to  each  other,  and  the  fame  as  thej  would  be  if 
obferved  on  a  fphere* 

Becaufe 
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Becaufe  AG,  ^W,  BW,  rG,  are  paraHel  to  ^C,  ^C,  the 
angles  *u WB,  AGr,  will  be  equal  to  the  angle  aQb^  or  arc  ab^ 
therefore  the  arcs  t;B,  Ar,  will  each  be  equal  to  the  arc  ab ; 
that  is,  they  are  ares  of  great  circles  of  the  fame  valiie^  in- 
tercepted between  the  meridians  PN,  PE,  at  B  and  A, 

Draw  GR  perpendicular  to  the  vertical  BW ;  then^  becaufe 
BW  and  rG  are  parallel,  it  will  alfo  be  perpendicular  to  rG  ; 
and  becaufe  the  axis  PW  is  the  common  interfeftion  of  the 
planes  of  all  the  meridians,  and  BW,  rW,  are  in  the  plane 
of  the  meridian  PB,  therefore  GR  is  in  that  plane;  and  be- 
caufe the  angle  WBr,  made  bj  the  vertical  and  meridian,  and 
the  angle  GRB,  are  right  ones,  therefore  GR  is  equal  to  the 
arc  Br  nearly,  and  confequently  is  nearly  equal  to  what  fub- 
tends  the  difference  of  the  horizontal  angles  on  the  fphere  and 
fpheroid* 

And  if  GS  be  perpendicular  to  the  vertical  GA,  it  will  be 
fequal  to  the  arc  hv  nearly,  and  therefore  GR,  GS,  or  the  arcs 
Br,  Ai;,  will  be  as  the  cofines  of  the  latitudes  of  B  and  A. 

Draw  AK  the  tangent  to  the  meridian  at  A,  to  meet  the  axis 
CP  produced;  alfo  draw  AH  perpendicular  to  the  vertical  AG, 
to  meet  Gr  produced  ;  through  H  dravv  KHT,  and  join  AT* 
Then,  becaufe  the  points  K,  H,  are  in  the  plane  of  the  hori- 
zon of  A,  the  line  KHT  will  be  in  that  plane;  and  becaufe 
rH  and  BT  are  in  the  plane  of  the  meridian  BP,  therefore  HT 
is  alfo  in  the  fame  plane,  and  is  what  fubtends  the  angle  TAH, 
the  true  difference  of  the  horizontal  angles,  which,  when  the 
fpheroid  is  given,  may  be  determined  as  follows. 

From  the  nature  of  the  fpheroid,  find  the  length  of  the  ver- 
tical AG ;  alfo  the  points  G  and  W,  where  the  verticals  meet 
the  axis:  then,  becaufe  the  angle  AKG  is  equal  to  the  latitude 
of  A,  and  AGH  is  its  complement,  GIL  and  AK  will  be  given* 

C  c  z  Let 
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Let  ^  and  h  on  the  fphere  have  the  fame  latitudes  and  difference 
of  longitude  as  A  and  B  on  the  fpheroid,  and  find  the  angles 
pab^  fha^  and  the  arc  ab^  or  angle  aQb  %  then  becaufe  AG  is 
given,  and  the  angle  AGH  equal  to  the  angle  aQb^  AH  will 
be  given;  with  AH  and  AK,  and  the  included  angle  HAK: 
(equal  to  the  fpherical  angle  bap)  find  the  angle  AHK,  and 
alfo  KH;  then,  becaufe  the  triangles  KHG,  KTW,  are  in  the- 
fame  plane  (that  of  the  meridian  BP)  and  GH  is  parallel  to 
WT,  thefe  triangles  will  be  fimilar.  Hence  GK  :  HK  :: 
WG  :  TH;  now  HA,  HT,  and  the  included  angle  AHT  (the 
complement  of  AHK)  being  given 5  the  angle  TAH,  the  differ^ 
ence  of  the  horizontal  angles,  will  be  given. 

Example^  Let  the  fpheroid  be  that  of  M.  Bouguer;  and  let 
the  latitude  of  A  be  49 "^  40^,  of  B  50%  and  their  difference  of 
longitude  o''  30^. 

From  the  nature  of  the  fpheroid,^  the  radii  of  curvature  of 
the  meridian  at  the  equator  and  the  pole,  will  be  3465507  and 
3524069  fathoms  nearly;  their  difference  is  58562  fathoms^. 
the  length  of  the  evolute  of  the  meridian;  and  the  vertical 
AG^34655Q7  +  x^><  585^^  +  4x58562  x  iim  ^f~^'  +  ^% 
fx  5H562Xline  49  4^'  =  3509769.5  fathoms;  alio  OG  =  -,t. 
:  X  58562 +^^-5- X  58562  X  iH^i^"^:^''^^  fathoms; 

and  DW  -  J^  x  585624- JV  ><  5^562  X  ih^^^™5^'  =  40397.23 
fathoms.  Now,  the  angles  GOC,  WDC,  being  =  the  lati- 
tudes of  A  and  B,  we  get  €0  =  30726.16,  and  CW  =  30946.08 
fathoms,  their  difference  being  219.92  fathoms  =:GW. 

The  fides /%/^5  being  equal  to  40^  20^  and  40^  refpeaivelj^ 
and  the  included  angle=r3p^5  will  give  the  angle  ^^/$  =  43^ 
51^48^^.2,  the  ai]gle/^^^i35<^  45/  i6''.a,  and  ab,  or  the 
angle  aQb^  =  zf  ig'^^.p 

Now 
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Now,  by  proceeding  as  direded  above,  we  get  GK  =: 
46o4232.95AK=»  2980006.3,  and  AH  =  284i2.2fathoms.  Hence, 
the  angle  AHK=i35''  45^  20^''.o8y  and  KH  =  2979745.4 
fathoms ;.  whence  HT=  141.37  fathoms..  This,  with  AH,, 
and  the  included  angle  AHT  =  44''  14^  39''''.92  (the  comple- 
ment of  AHK)  give  the  angle  TAHr::  1 1^  S^'^'9^  ^^^  difference 
between  the  horizontal  angles  on  the  fphere  and  fpheroid. 

Hence  the  obferved  angles  at  A  and B  would  be  43^5i^48^^2 
+  1  r  s8^^9  =  44'  3'  47''^!^   ai^d  135  45'  i6^^-2  -  I  i'  S^''*9^ 

If  the  figure  is  an  ellipfoid  having  the  hmt  axes^  the  angle 
TAH  will  be  found  =  8/4^^4. 

It  maj  be  remarked,  that  the  angle  TAH,  or  the  horizon- 
tal angle  TAK,  diminifties  or  augments  as  the  pouit  obferved 
ia  TB  is  elevated  or  depreHed  ;  this  variation  is  however  too 
fmall  to  be  worth  attending  to  in  practice,  as  may  be ihewn  ia 
the  following  manner* 
.Let  the  fpheroid  be  M.  Bouguer^s  (becaufe  the  dlfFerence 
will  be  greater  than  on  an  ellipfoid) ;  and  let  the  points  A,  B, 
fig,  3.  have  the  fame  latitudes  and  difference  of  longitude  aS; 
above ;  alfo,  let  BT  be   the  fiag-ftaff,  and  through  B  draw 

Now,  if  we  fuppofe  B  to  be  ia  the  horizontal  line  nearly, 
the  horizontal  angle  at  A,  taken  between  the  north  part  of  the 
meridian.  AP  and  the  flag- ftaff  at  B,  will  be  the  angle  BAP,. 
the  telefcope  in  this  cafe  being  pointed  to  B,  and  the  vertical 
plane  which  it  would  then  move  in  is  the  plane  nBGA  ;  but  if 
the  telefcope  is  direded  to  feme  pointT  in  the  flag-ftaff  above  B, 
the  angle  TAP  in  this  cafe  will  evidently  be  lefs  than  it  was 
in  the  former  by  the  angle  nlW  nearly  ;/ and  Gonfequently  iti 
^minifhes  as  the  obferved  point  T  is  elevated ;  and  it  is  alfo 
A  evident^ 
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evident^  that  It  will  be  augmented  as  the  point  obferved  Is 
below  B» 

The  latitudes  of  A  and  B  being  49''  40^  and  ^o^^  and  their 
difference  of  longitude  30^  BG  will  be  nearly  equal  to  AG^  or 
3509769  fathoms,  and  GR  being  equal  to  141,36  fathoms^ 
and  the  angle  GRB  a  right  one^  we  have  BG  {s 5^97 ^9)  •  ^?^d* 
II  GR  (141.36)  :  fin.  W\  the  angle  GBW,  or  TB;^,  Now, 
fupffofing  the  point  T  to  be  a  mile  above  the  furface,  this  with 
the  angle  ;^BT  =  S''^,  will  give  T^  equal  to  about  three  inches  ; 
but  Tn  is  In  the  plane  of  the  meridian  PBE,  and  confequentiy 
would  be  feen  obliquely.  If  viewed  from  A,  becaufe  the  angle 
ABT  Is  about  135°,  and  therefore  Tn  muft  fubtend  a  very 
fraall  angle  at  the  dlftance  of  33I  miles,  which  is  nearly  the 
diftance  between  A  and  B. 

From  the  determination  of  the  horizontal  angles  that  would 
be  obferved  at  A  and  B  (fig.  2.)  on  the  fpherold,  if  AP,  BP, 
the  co-latitudes  of  A  and  B  are  known,  and  the  angles  ABP^ 
BAP,  are  given  by  obfervation,  it  follows,  that  the  greater  pf 
thefe  obferved  angles  muft  be  augmented,  and  the  leffer  dimi- 
tilffied,  by  the  fame  quantity  of  a  degree,  till  the  fum  and  dif- 
ference give  the  oppofite  fides  AP,  BP,  accurately  by  fpherlcal 
compytation,  and  then  the  third  angle,  or  difference  of  longI< 
tilde,  will  be  given  :  for  the  obferved  angles  at  B  and  A  being 
refpedlvely  135°  ^^'   17^3  and  44°  3'  47''-i.  we  have  fine 
^3S^  33'  ^7^' 3+  ^  1'  S^'-9  •  fine  AP  ::  fine  44°  3^  47^^.1  ^ 
11^58/^9  :  fine  BP  'accurately;  but   taking   the  angles  that 
would  be  obferved,  fine    i^s"  S^'  ^Y'*3  •  fi^^  AP  ::  fine 44°  3^ 
47^''a  :  fine  of  an  arc  greater  than  BP  1  and  fine  44°3^47''^jr 
:fineBP  ::  fine  i33'33'  I7''.3  :  fine  of  an  arc  lefs  than  AP;  and 
this  win  ihtw  If  the  obferved  angles  are  confiftent,  as  angles  that 
^  ought 
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onght  to  be  found  by  obfervation  on  a  fpheroid  flattened  at 
the  poles. 

Becaufe  the  fum  of  the  obferved  angles  ^at  A  and  B  on  the 
fpheroid  are  equal  to  the  fum  that  would  be  obferved  on  a 
fphere,  the  latitudes  and  difference  of  longitude  being  the  fame 
on  both,  and  the  differences  equal,  therefore  the  fum  for  com- 
putation is  the  fame  for  both,  and  the  quantity  of  each  foi? 
computation  on  the  fpheroid  may  be  found  from  the  following 

Theorem. 

In  any  fpherical  triangle  BPA  (fig.  4.)  if  two  of  the  fides 
PB,  PA,  and  the  fum  of  the  oppofite  angles,  PBA  +  PAB, 
are  given,  it  will  be, 

As  the  tangent  of  half  the  fum  of  thefdes^ 

Is  to  the  tangent  of  haf  their  difference ; 

So  is  the  tangent  of  haf  the  fum  of  the  angles^ 

To  the  tangent  (f  half  their  difference. 

In  the  fpherical  triangle  ^^/  (fig.  2.),  as  fine  ^^/  :  fine  bpM 
£me  abp  :  Cme  ap;  that  is,  on  the  fpheroid,  fine  Bt;P  :  fine 
BP::  fine  t;BP:  fine  AP.  Now^  t^he  arc  Bv  beings  the  arc 
i^a^  confidered  as  an  arc  of  a  great  circle,  it  follows,  that  in 
the  fpheroidical  triangle  ^BP,  if  i;B,  BP,  and  the  included 
angle  i;PB  are  given,  the  other  angles  at  P  and  v  may  be  found 
by  fpherical  computation,  but  not  the  third  fide  'dP.  Suppofe 
BPj,  Bv,  are  given,  and  the  Jncluded  angle  vBF  a  right  one; 
then  rad.  :  fine  BP  ::  cotang.  Bv  :  cotang.  angle  BVv ;  there- 
fore, if  the  latitude  of  the  point  B,  and  the  angle  BWi;,  or 
the  quantity  of  the  arc  Bv,  as  an  arc  of  a  great  circle  perpen- 
dicular to  the  meridian  at  that  point,  are  given  on  a  fpheroid^ 
the  difference  of  longitude  may  be  found  by  fpherical  compu- 
tatioB,  but  not  the  latitude  of  the  goint  'i;^ 

But, 
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But  if  the  fpheroid  is  known,  the  latitude  of  a  given  point 
(*z;)  ill  a  great  circle  perpendicular  to  the  meridian^  maybe 
found  nearly  from  what  has  been  delivered  above.  Thus,  as 
rad,  :  cofine  BP  ::  cofine  Bi;  :  cofine  of  an  arc  (PA)  lefs  than 
Pi?5  the  co-latitude  of  v.  Now,  with  the  latitude  (fuppofe  of 
the  point  A)  thus  found,  and  the  given  latitude  of  B,  find  GS 
(fig.  2,)  which  will  be  very  nearly  equal  to  the  arc  hv,  and 
the  value  of  this,  as  an  arc  of  the  meridian,  being  added  t@ 
PA,  will  give  Pi;,  the  co-latitude  of  i?. 


SECTION     SIXTH. 

Manner  of  determining  the  latitudes  of  the  Jlations.  Afpricafton 
of  the  foleflar  obfervations  to  computations  on  differ entfpheres^ 
and  alfo  on  M.  Bouguer's  fpheroid^  for  the  determination  of 
the  differences  of  longitude.  Ultimate  refult  of  the  trigonomC'- 
trical  operation^  whereby  the  difference  of  the  meridians  of  the 
Royal  Obfervatories  of  Greenwich  and  Paris  is  determined. 
Plate  X. 


Article  I.  PreamMe^  Jhewing  the  general  principles  adopted 
for  fettling  the  latitudes  of  the  Jlations. 

Ill  the  Paper  of  1787,  fo  often  quoted,  and  which  was  in* 
tended  only  as  a  Iketch  of  the  mode  then  propofed  to  be  fol- 
lowed in  conducting  the  recent  trigonometrical  operation,  we 
had  occafion  to  Ihew,  that  the  meafured  arc  of  the  meridian 
between  the  point  M  near  Punkirk^  and  Perp ignaa  fituated  at 

the 
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the  bottom  of  tbd  Pjjr€»eaE  moutitalnsj  correfpoiidieg  to  aii 
arc  in  the  heavens  of  nearlj  W^  of  latitude,  differed  but  little 
ftom  what  flioiiild  be  its  true  lengthy  fuppoiing  the  earth  to 
have  the  figure  and  dimenfioos  affigoed  to  it  by  M.  Bouguer 
in  his  fecond  fpheroid.  Here,  however,  It  is  become  neeeffary 
to  take  notice  of  fome  miftakes  ^  that,  through  inadvertency, 
were  fallen  into  in  tlie  computed  lengths  of  the  arcs,  which, 
although  they  affe£fc  in  a  certain  degree  the  accuracy  of  the 
11  umbers  brought  Into  comparifon,  do  not  Invalidate  the  general 
reafoning  there  advanced,  and  the  only  thing  meant  to  be  efia-* 
blifhed,  namely,  that  M.  Bouguer's  hypothefis  agreed  better 
with  aftual  meafurement  on  different  parts  of  the  fui-face  of 

*  The  miitakes  ad\re.rted  to  in  the  text  were  of  three  kinds,  Firll,  an  eri-o« 
«eous  mode  of  fiimming  up  the  lengths  of  the  arcs  from  the  lengths  of  the 
degrees,  although  thefe  taken  feparately  were  very  accurately  computed  s  for 
inilance,  the  43d  was  taken  as  that  extending  from  42  to  43,  whereas  it  fliotild 
have  been  taken  for  the  middle  point,  that  is,  from  42I  to  43IJ  and  fo  on  in 
Regard  to  others.  Hence  the  arcs  are  all  made  fomewhat  too  long.  The  fecpnd 
was  the  omiffion  of  the  value  of  93I  toifes  in  efliniating  the  length  of  the 
celeflial  arc  between  Greenwich  and  Perpignan,  the  fedor  with  which  the  ftars 
were  obferved  having  flood  fo  much  to  the^  northward  of  the  church  of  St,  Jaumes^ 
the  point  to  which  the  triangulaf  meafurement  correfponded.  The  third  was 
fallen  into  from  not  knowing  that  the  French  obfervations  of  the  Hars  had 
been  correfted  for  the  nutation  of  the  earth's  axis,  in  a  Paper  of  M.de  la. 
Caille's,  inferted  in  the  Memoirs  of  the  Academy  of  Sciences  for  the  year 
1758,  whereby  all  the  lengths  of  the  celeilial  arcs  were  the r.cby  in  fome  degree 
changed  from  wbat  had  been  aifigned  to  them  refpeaively  in  the  Book,  La 
Meridienne  verifiee,  publiflxed  in  1744.  From  the  fame  Paper  it  further  appeat:s, 
that  they  rejeaed  altogether  their  obfervations  at  Perpignan,  as .  being  probably 
afFeaedby  the  attraaionof  the  Pyrenees.  With  regard  to  that  part  of  the  Table  of 
Comparifon  in  the  Paper  of  1787,  which  is  affected  by  thefe  errors,  the  only 
thing  that  now  can  be  done  is  to  annex  to  this  paper  a  correaed  flip,  which  may 
be  referred  to  occafionally,  or  cut  off  and  paftedover  the  former. 
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the  earthj  than  any  of  the  others  with  which  It  was  com- 
pared. 

In  proof  of  this,  we  need  only  for  the  prefent  remark, 
what  will  be  made  fully  to  appear  hereafter,  that  the  diftance 
between  the  parallels  of  Greenwich  and  Dunkirk,  or  Green^ 
wich  and  M,  being  now  added  (by  our  trigonometrical  opera« 
tion)  to  the  meafured  length  of  the  meridian  of  France,  the 
meafured  and  computed  fedions  of  the  united  meridian  will  be 
found  to  agree  almoft  exactly  at  Paris  i  tha^  the  excefs  of  the 
meafurement  is  but  of  the  value  of  3^''  or  ^^  at  Bourgesj  only 
of  b^^  at  Rodes ;  aud  even  as  low  down  as  Perplgnan,  com- 
prehending in  the  whole  an  arc  of  the  heavens  of  more  than 
S''!,  the  excefs  is  not  greater  than  what  would  anfwer  to  be- 
tween i(^^^  and  17^'',  the  chief  part  of  which  is  probably  ow« 
ing  to  the  attraftion  of  the  plummet  of  the  fedor  by  the  Py-^ 
renees.  In  the  Paper  of  1787,  the  effect  had  been  affumed  at 
a  quantity  equal  to  about  10' \  But  every  thing  on  this  head 
mufl:  be  confidered  as  merely  matter  of  fuppofition,  which 
cannot  be  determined  one  way  or  other  until  triangular  mea- 
furements  fhall  have  been  extended  beyond  the  Pyrenean  moun- 
tains into  Spain,  and  correfponding  obfervations  of  the  ftars 
made  on  both  lides  with  the  fame  ioftrument,  which  fliould  be 
one  of  the  befl:  that  could  poffibly  be  invented  for  the  purpofe. 
In  the  mean  time,  fmce  the  French  have  rejefled  their  owa 
;obfervations  at  Perpignan,  we  fhall  avoid  drawing  any  conclu« 
fions  with  regard  to  latitudes  from  the  obfervations  to  the 
fouthward,  and  confine  ourfelves  to  thofe  immediately  con- 
neaed  with  our  operation,  made  at  the  northern  ftations  of  the 
meridian. 

In  carrying  on  the  trigonometrical  operation,  it  never  was 
propofed  that  we  fliould  attempt  to  determine  the  latitudes  of 
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the  ftations,  by  a£lual  obfervatiohs  of  the  zenith  diftances  of 
ftars,  which,  with  the  very  beftinftruments  hitherto  ufed  for 
that  purpofe^  could  not  have  been  done  nearer  than^  about  1^^ 
of  an  angle  in  the  heavens,  anfweriogin  thefe  parts  to  1 01  feet 
on  the  furface  of  the  earth.  Even  if  we  could  have  been  fupplied 
with  a  fedorfo  far  furpaffiug  the  old  ones  (fuch  perhaps  as  Mr* 
Ramsden  rriay  hereafter  invent)  that  would  have  given  zenith 
diftances  to  one-tenth  part  of  a  fecond,  or  about  ten  feet  on  the 
furface  of  the  earth,  the  application  of  it  in  our  operation 
would  have  been  mere  lofs  of  time:  for  the  Aftronomer Royal 
having  fettled  the  latitude  of  Greenwich  51"*  28^  40'''',  to 
within  lefs  than  half  a  fecond  of  the  truth  ;  and  the  geodetical 
Htuation  of  each  ftation  of  our  feries  being  determined  fo  accu- 
rately with  regard  to  that  point,  as  to  leave  no  where  an  uncer- 
tainty of  more  than  one  or  two  feet;  we  have  thereby  been 
able  to  determine  the  relative  latitudes  to  a  fmall  fraction  of  a 
fecond.  Here,  however,  it  is  to  be  underftood,  that  we  have 
adhered  to  M.  Bouguer's  fcale,  as  anfwering  almoft  exadly  in 
the  narrow  fpace  of  26^  51^^,  or  thereabout,  of  latitude  be- 
tween Greenwich  and  M,  to  %vhich  our  operations  have  been 
confined. 

That  this  mode  of  fettling  the  latitudes  of  our  ftations  is 
extremely  accurate,  will  more  fully  appear  from  the  following 
confiderations.  In  the  general  computation  of  fpherical  tri- 
angles, a  fphere  whofe  diameter  is  a  mean  between  the  longeft 
and  (horteft  of  M.  Bquguer's  fpheroid  has  been  adopted,  be- 
caufe  it  was  obvious,  that  in  our  latitudes  the  degree  of  fuch  a 
fphere  could  not  differ  feniibly  from  the  mean  degree  of  the 
fpheroid.  Thus  the  degree  of  the  fphere  60859, i  fathoms 
anfwers  (as  may  be  perceived  by  confulting  the  table  in  the 
Paper  of  1787)  to  the  degree  of  the  naeridian  on  the  fpheroid  in 

D  d  3  the 


_204  Gm. .  Ro Y^s  ^ccmnt  of 

the  latitide  of  51®  5^  Again,  if  the  total  length  of  one- 
fourth  part  of  the  fpheroidical  meridian  of  the  earth,  between 
the  equator  and  the  poiet  54^*8094.4  fithoms  be  divided  by  90* 
fFig.  de  la  Terre  de  Bon  over  f  p.  310.  and  311.)^  we  fhall 
have  6o867,72  fathoms  for  the  mean  degree  of  the  meridian, 
which  in  the  fame  table  will  be  feen  not  to  differ  fenlibly  from 
that  anfwering  to  the  latitude  of  Greenwich  ;  in  or  near  which 
parallel  the  curves  of  fuch  a  fphere  and '  M,  BouGtJER''s 
^heroid  ioterfe£l  each  other^  as  will  be 'readily  conceived  by 
referring  to  and  confideriiig  the  reprefentation  of  thenii  in 
Plate  X»  fig*  3. 

AiT.  JL  Of  tie  foki^ar-o^fervatmis  iM.gemraL 
It  became  -  neceflary,  Iti  the  preceding  article,  to  point  out 
in  What  manner  the  latitudes  of  ^our   ftations  have  been  de- 
duced  from  their'  relative  lituation  with  regard  to  Greenwich  ;■ 

becaofe  the  method  adhered  to  of  fettling  the  differences  of 
longitude  by  the. obfervations  of  ^ the  ,pole»flar,  which  could 
rarely  be  made  except  on  one  fide,  that  is  to  fay,  at  nighty 

when  the  flar  was  eaflward  from  the  pole^  implied  as  a  matter 
of  courfe,  that  the  latitude  of  the  flation -Oioold  be  accurately 
knowoj  for  the  coiBputation  of  the  flar's  azimuth.     With  the 

declination -of  the  flar,  fettled  to  fo -great  -a  nicety  as  it  has 
been  ■%  the  Aftronomer  Royalj  and  the  latitude  of  the' place 
given,  -a  fingle  -azimuth  ■  was  iuficient  Tor  obtaining  imme- 
diately the  ^^true  -direction  of  the  meridian.    •  Much  .  time  would 

have  =been  ■ufelefily  lofl  in  ■attempting  to  get  obfervations  of 
the  fta-T  Inday-light-when  on  the  wefl  fide  of  the  pole,  whereby 
the  ^doubk'-  azimuth  -would  -have  been  obtained-;  and  in- that 
€afe  the'-bife.£lion  of.  the /angle- would  -have  given  the  true  me- 
fidito  of  the  ^placej,/ without  'the  knowledge  of  its  latitude* 
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Fof  the  purpofe  of  :.tlie  pok-Htr  ^  obfef yatioiis  a .  feiail  tabk 
liad  been  previowiy  cocnpiitedi  of  the  exa£t' times  ^  of  the' ■fltr''-s 
being  In  the  eaft  and  weft ;  whence  the  moments  of  its  greateft 
elongation  were  readily  known •  On  thefe  occalions  the  Board 
of  Longitude's  ^r^^MM  w4/^-^5^  by  the  Jate  Mr.  Harei-ioh^ 
was  made  ufe  q£  Its  rate  of  going  all  the  time  that  it  was  in 
the  field  In  17875  was  very  tiniformly  9I  feconds  a  day  fafter 
than  meantime.  But  In  the  winter  months  the  watch  gra- 
dually changed  its  rate  from  plus  to  mmus^^  and  when  it  was 
carried  into  the  field  in  1788,  and,  during  the  fi?d  weeks  that 
it  continued  there,  It  regularly  loft  on  meaq  time  from  3 1  to 
4  feconds  each  day ;  having  in  that  ftiort  interim  been  twice 
compared  In  Argyll- ftreet,  with  an  excellent  clock  made  by 
CuMMiNGj  with  an  improved  Elli cot's  pendulum*     * 

With  regard  to  thefe  pole-ftar  obfervations,  whereby  the 
differences  of  longitude,  or  the  angles  of  convergence  of  the 
meridians  towards  each  other,  have  been  determined.  It  is 
neceflary  to  remark,  that  although  fome  few  were  made  to  the 
weftward  of  Greenwich,  yet  thefe  were  not  at  fufficlent  dif- 
tance  from  it,  and  alfo  taken  of  too  fhort  fides,  to  afford 
refults  that  were  perfeftly  fatisfa£lory  and  conclufive*  It  is  00 
the  obfer¥'ations  to  the  eaftward  only,  and  chieiy,:oii  thofe 
made  at  Goudhurft  and  Botley  Hill,  which  are  upwards  of 
twenty-three  miles  from  each  other,  and  reciprocally  vifible, 
that  we,  have  relied  for ,  the  fcale  of  degrees  of  a  great-  circle 
perpendicular  to  the  meridian  in  thefe  latitudes ;  whence  thofe 
of  longitude  have  been  obtained.  The  obfervations  made  at 
Folkftone  Turnpike,- which  is  upwards  of  My-eight  miles  ia 
direft  diftance '  from  Greenwich,  and  where,  fortunately,  the, 
double  azimuth  of  the  pole- ftar  was  obtained,  are  perfeftly 
.i^nfiftent  with  thofe  taken  at  Goudhurft"  and  Botley -Hifl.  ■.  But 

when 


2o6  Gen.  Roy's  Account  of 

when  at  Fairlight  Down  we  had  no  obfervations  of  the  ftar^ 
being  at  that  time  fo  much  engaged  with  the  other  effentlal  bufi- 
iiefs  of  the  triangles^  and  particularly  with  the  interfection  of  the 
lights  on  the  Coaft  of  France^  as  to  render  it  impoffible  to 
attend  to  any  thing  elfe,  even  if  the  weather  had  proved  lefs 
unfavourable  than  it  was  at  the  period  alluded  to,  for  celeflial 
obfervations. 

Art*  IIL  Pole-ftar  .obfervations  at  Goudhurf  and  Botky  Hill 
applied  to  computations  on  the  meanfphere^ 

Let  B  (Plate  X.  fig.  5.)  be  Botley  Hill;  PBR  its  meridian  ; 
G  Goudhurft;  W  Wrotham  Hill ;  T  Tenterden  ;  RG  an  arc 
of  a  great  circle  paffing  through  G^  and  falling  perpendicu- 
larly on  the  meridian  BR ;  alfo  let  #  %  reprefent  the  circle  of 
the  pole-ftars  apparent  declination;  and  B#,  G#,  be  two 
azimuth  circles  touching  that  circle^ 

Auguft  14,  1788,  at  Goudhurft,  the  angle 
#GT,  or  that  between  the  pole-flar,  when  at  its 
greateft  apparent  diftance  from  the  pole  on  the  eafl: 
fide  of  the  meridian^  and  the  r*everberatory  lamo 
at  Tenterden  was  obferved  f?  •  .  104  ''^  2q|  , 

The  angle  BGT,  between  the  lamp  at  Botley 
Hill  and  Tenterden,  was  repeatedly  obferved,         167  42   tG 


Their  difference  =:  angle  ^GB  is,  »  63   11   26 


f  The  obfervations  of  the  pole-ftar  at  Goudhurfl  and  Botley  Hill  were  repeated  for 
feveral  nights  at  each  place;  but  thefehere  given  are  the  moilexaa.  At  Goudhurll 
the  angle  which  the  ftar  made  with  the  lamp  being  noted,  the  telefcope  removed,  and 
the  plane  of  the  inlirument  being  turned  i8o%  or  half  round,  the  telefcope  re« 
placed  and  direded  again  to  the  ilar,  the  difference  on  the  circle  was  found  to  be 
only  i"\.  The  fame  method  was  univerfally  adhered  to  in  all  places  where 
obfervations  of  the  liar  were  obtained..  At  Botley  Hill,  ifi  particular^  the  dif« 
ference  between  the  readings  was  no  more  than  i^^f* 
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Augiift  23,  1788,  at  Botley  Hill,  the  angle 
#BW,  or  that  between  the  pole^ftar  at  its  greateft 
apparent  elongation  and  the  lamp  at  Wrotham 
Hill,  was  obferved,  .  •  •  7^  21   37 

The  angle  WBG,  by  repeated  obfervations,  was,     40     4  4Z 

Their  fum  =  angle  #BG  is,  .  .         116  26   19 

In  order  to  obtain  the  ftar's  azimuth  at  each  place,  we  may 
take,  Without  producing  any  fenfible  error,  the  latitudes  of  G 
and  B,  as  they  would  be  found  on  M.  Bouguer's  figure, 
which  we  have  already  announced,  and  will  hereafter  prove  to 
be  confiftent  with  obfervation.  Thus  B,  or  Botley  Hill,  is 
fouth  from  Greenwich  72882!  feet,  and  nearly  on  the  fame 
meridian;  wherefore  its  latitude  will  be  51''  16^  41^^-54,  and 
its  co4atitu<^e  BP  of  courfe  is=:38^  43''  18^^46.  Now,  P# 
the  apparent  diftance  of  the  ftar  from  the  pole  at  that  time 
being  =::  i""  49^  22^,84,  in  the  right-angled  fpherical  triangle 
P^B,  we  have  fine  BP  :  rad*  ::  P#  :  fine  2^  54^  54^^*2  equal 
to  the  angle  #BP,  the  ftar's  azimuth  from  the  north.  And 
this  being  added  to  the  angle  #BG  obferved  116''  26^  19^%  we 
have  the  angle  #BP  =1:119^  21'  i3'^2  for  that  comprehended 
between  the  meridian  and  Goudhurft, 

The  diftance  of  Goudhurffc  from  the  perpendicular  to  the 
meridian  of  Greenwich  is  132592  feet,  and  its  diftance  fi'om 
the  meridian  of  Botley  Hill,  on  a  perpendicular  to  that  meri- 
dian, is  106171  feet  nearly -GR-  Hence  the  latitude  of  the 
poinrR  is  51^  6'  52''.89;  therefore  RP=: 38 '53'  f'.ii,  and 
RG=:  106171  feet=:  if  I9''^.7  nearly.  Hence,  as  rad.  :  cofine 
RP  :;  cofine  RG  :  fine  51^  6'  49'^7,  the  latitude  of  G  nearly  s 
therefore  GP 31:38°  53^"  io^''-3  ;  andP#  the  ftar's  apparent 
diftance  at  the  time  being  i^  49'  25'^.34,  we  have  the  angle 

PG 
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PG#,  the  ftar's  azimuth  =  2^  54^  ^o^'^Jj  which  being  fub« 
traded  from  the  angle  BG^  obfer^ed  at  Goudhurft  between 
the  lamp  on  Botlej  Hill  and  the  ftar^  there  remains  the  angle 
BGP=:6o^  I7^  15^^.7  comprehended  at  Goudhnrftj  between 
Botlej  Hill  and  the  meridian. 

Now  with  thefe  data  let  ns  fuppofe,  in  the  firii:  place^  the 
earth  to  be  a  fphere^  whofe  diameter  is  a  mean  between  the 
longeft  and  fliorteft  of  M.  Bouguer's  fpherolds^  the  latitude  of 
B,  and  of  courfe  its  co-latitude  BP,  given ;  alfo  the  angles 
PBG  and  PGB  refpedively  itf^  21'  i^'.t  and  60^  17^  if*7^ 
we  fhall  then    have  PG  the  co-latitude  of  G,  and  the  angle 
BPG  or  difference  of  longitude  of  B  and  G.     And  becaufe  the 
degree  of  fuch  a  fphere  contains  60859. t  ftithoms,  the  latitude 
of  Botlej  Hill  will  then  be   fi'^  16'  41^^45,  and  BP  its  co- 
latitude  z-jS'^  43^  18^^55.      This  laft  llde^  with   the   former 
angles  PBG  and  PGB  refpefliivelj   119''  21^  ^^'•'^  and  60°  17' 
i^^'.ji  give  PGnjS^  53''  6'^.72the  co-latitude  of  G;  and  alfo 
the  angle  BPG,  the  difference  of  longitude  of  the  points  B 
and   G   equal   to    %f  3^^^*7^      Again,    in    the   right-angled 
fpherical  triangle  PRG,  rad.  :  tang.  GP  ::  coiine  of  the  angle 
RPG  :  tang.  38^  SS'^  3'''47=^RP.     Bxit  the  point  R  is  22094 
fathoms  fouth  from  Greenwich,  and  nearlj  on  its  meridian, 
therefore  its  latitude  will  be  ji""  6^  S^^^'^S;  and  hence  PR  the 
co-latitude  will  be  38'^  53'  7'''^.2,  which  exceeds  PR  formerlj 
found  bj  fpherical  computation  to  be  38^  ^^^  3^^*47  ^J  3^^*7J^ 
an  arc  equal  to  63  fathoms.     Alfo  RG,  the  diftance  of  Goud- 
burft  from  the  meridian  of  Botlej  Hill,  on  a  perpendicular  to 
that  meridian,  is  equal  nearlj  to  J  7695  fathoms,  which,  allow- 
ing 60859.1   fathoms  for  a  degree,  correfponds  to  an  arc  of 
17'' 26^^.7.     But   fpherical  cqmpulation   formerlj  gave  RG=: 
17^  20%  the  difference  confequentlj  is  b^-\y=:  113I  fathoms  j 
therefore  the  earth  cannot   be  this  mean  fphere,  which  was 

ailumed 
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affumed  for  th^  purpofe  of  exemplification,  becaufe  its  degrees^ 
in  the  dire€tion  of  the  meridian,  differ  fo  little  in  thefe  latitudes 
from  thofe  of  M.  Bouguer's  fpheroid. 

Art.  IV.  The  fame  pole-Jlar  obfervatiom  applied  to  computations 
on  ajphere  of  greater  dimenjions. 
Let  us  fuppofe,  in  the  fecond  place,  the  earth  to  be  a  fphere 
of  fuch  magnitude  as  to  have  degrees  of  a  great  circle  con- 
taining 61253I  or  61254  fathoms,  we  (hall  then  get  the  lati- 
tude of  B  or  Botley  Hill=5i^  1 6^  46'^,  the  latitude  of  R==: 
51^  7^  i^^2,  and  ^  =  38^  52^  58^^8;  alfo  RG-iy^ip^^pV 
Now,  BPt=38''  43'  i3^''-9,  and  the  oblerved  angles  will  give 
the  angle  BPG,  or  the  difference  of  longitude  =  27^  3^''*7^  ^^^ 
fame  as  before,  and  the  arc  PG  or  co-latitude  of  G=:  3^8^  ^^ 
2''.05^.  This  iaftfide,  with  the  angle  RPG=  27' 36'^7  of 
the  right-angled  fpherical  triangle  PltG,  will  giVe  PR3:38'* 
^%'  58'^8,  and  RG  =  i7'  i(^''.g ;  thajt  is  to  fay,  the  obferved 
angles  PEG  and  PGB,  at  Botley  HilL  and  Goudhurft  refpec. 
tively,  are  nearly  the  fame  as  they  would  be  found  on  a  fphere  of 
fuch  magnitude  as  to  have  degrees  containing  61253!  or  61254 
fathoms.  But  fuice  the  value  of  RG  as  an  arc  of  a  great  cir- 
cle was  before  found  by  the  triangles  BI^G  and  RPG  to  be 
if  %o^\  when  the  latitude  of  B  was  taken  as  belonging  to  a 
fphere  whofe  degrees  contained  60859.1  fathoms;  and  the 
fame  arc  as  now  determined,  viz.  if  ip'^.p,  agrees  very  nearly 

*  It  is  evident,  that  as  the  latitude  of  B  increafes,  the  Har's  azimuth,  or  the 
angk  #BP,  and  confee|uently  the  angk  PEG,  increafe  likewife.  But  at  G  th® 
angle  PGB  is  diminiflied  by  the  increafe  of  the  angle  M'  GP,  or  the  azinauth  ;  and 
therefore  if  the  difference  of  the  latitudes  of  B  and  G  remains  the  fame,  or 
nearly  the  fame,  the  fum  of  the  angles  PBG,  PGB,  will  alfo  be  nearjy  the  fame  ; 
wherefore  no  fenfible  difference  in  the  angle  BPG,  or  difference  of  longitude,  will 
be  found  on  this  account* 

VoL.LXXX.  Ee  with 
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with  the  former,  although  the  htitude  of  B  he  now  taken  on  a 
fphere  whofe  degrees  contain  6 1253I  fathoms,  ^  obvioufly 
follows,  from  thefe  recent  obfervations,  thai  %vhcitever  the  pre-- 
ctfe  figure  of  the  earth  may  he^  or  the  ratio  between  its  diameters^ 
ihe  degree  of  a  great  circle  upon  it  perpekdicular  to  the  meridian^ 
cannot  in  thefe  latitudes  differ  much  in  length  from  6 1 2  ^^l  fathoms. 

Art.  V.  The  poIe*far  obfervations  at  Folk/lone  Tur?7pike  applied 
to  computations  on  the  fame  greater  fphere^ 

Let  G  (Plate  X.  fig*  6.)*  be  Greenwich  ;  PR  its  meridian  ; 
F,  H,  and  T,  the  ftations  at  Fairlight  Down,  High  Nook,  and 
Folkftone  Turnpike,  refpedively ;  alfo  let  PF  and  PT  be  me- 
ridians  paffing  through  F  and  T ;  and  FR  and  Tr  great  circles 
cutting  the  meridian  of  Greenwich  PR  at  right  angles  in  R  and  r« 

At  the  ftation  T,  on  the  7th  of  September, 
1788,  at  night,  the  angle  between  the  pole-ftar^ 
when  at  its  greatefl  apparent  elongation  from  the 
pole  on  the  eaft  fide  of  the  meridian,  and  the  re« 
verberatorj  lamp  at  H,  was  obferved^         •  123  19^3! 

On  the  following  morning,  Sept*  8th,  the 
angle  between  the  ftar,  when  at  its  greateft 
diftance  on  the  weft  fide,  and  the  flag-ilafF  at  H, 
was  obfer?ed. 

The  difference  or  double  azimuth  is, 
And  the  half  fum  is,  . 

This  half  fum  120*"  24^  S7'-87  ^  is  the  angle  PTH,  or  that 
comprehended  between  the  meridian  PT  and  H*     The  angle 

HTF, 

*^By  takipg  the  latitude  of  T  as  determined  on  M.Bougite^'s  fpheroid,n: 
51°  5'  4S"-3  ^e^%»  the  co-latitude  or  TP  is  equal  to  38°  54'  14''. 7,  and  the 
te^«   apparent   diflaace   at  the  time  being  i^  48'    iS'^oj,  we  have,  as   fine. 
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HTF,  or  that  between  tlit  lamp  at  H  and  the  white  Hghts 
repeatedly  fired  at  F,  was  twice  obferved  22^  48^^  j  therefore 
120''  24'  s7^'S^  +  22^  48'^=  120''  47^  45.87  is  the  angle  PTF, 
that  the  ftation  on  Fairlight  Down  niakes  with  the  meridian  of 
Folkftone  Turnpike. 

Now,  rT  being   equal    to  45827.88    fathoms,  and   RFri 
23884.68  fathoms,  if  we  take  61253I  fathoms r:  1'',  we  {hall 
have   Gr=  22871   fathoms  n:  22^  24^^18;    GRr=36436.i    fa- 
thoms =35''  41^^42;  rT  =  44^    53^^*4;  ^^^  RF  =  23''  23^^75  5 
therefore  PR,  the  co-latitude  of  R,  will  be  39°  Y  ^^^'4-^i  a^^d 
that  of  r  or  Pr  will  be  38'  ^^^  44^^18.     Hence,  in  the  right- 
angled  fpherical  triangle  PRF,  we  fhall  have  the  angle  RPF=r 
37^"  4^\90i,  and  PF=39'' 7^  7''^294.     Further,  the   triangle 
PrT   gives    the   angle    rPT— i"^    11''    29^^143,    and- PTrr 
3^"   54'   5''-98-     Now,    1^   11/   29^143-37^  4^901=34^ 
24^^242:11: the  angle  FPT.     This   laft   angle,  with  the  two 
containing  fides  PT  and  PF,  give  the  angle  PTF  =:  1 20""  47^ 
44''^75,  the  fame  as  it  was  adually  obferved  very  nearly.  And 
hence  we  have  another  ftrong  proof,  that  on  this  part  of  our 
earth  the  degree  of  a  great  circle^  perpendicular  to  the  meridian^ 
cannot  differ  much  in  length  from  612^31  fathoms^  whatever  may 
heitsrealfgure^  which  cannot  be  determined  until  thefe  ohferva^ 
tionsfhall  have  been  compared  with  others  that  may  hereafter  be 
made  in  the  fame  way^  and  with  equal  care^  in  latitudes  remote 
from  each  other. 

38^  54'  14^7  ;  rad.  ::  fine  1°  49^^  i8''.03  J  fine  2^  <4f  5''.  I  a  the  ftar's  azimuth. 
Twice  this  angle^  or  5""  48'  10^^24,  agrees  very  nearly  with  the  double  azimuth 
5""  48'  io"|,  found  by  the  obferyations  on  the  7th  and  8th  of  September.  This 
near  agreement,  at  the  fame  time  that  it  ferves  to  fhew  the  accuracy  of  thefe  obfer- 
Vations  in  particular,  and  the  goodnefs  of  the  mode  that  was  adopted  in  general^ 
ferves  alfo  to  prove,  that  Dr.  Maskelyne  has  fettled  the  declination  of  the  pole- 
fiar  to  great  precifion. 

E  e  2  Art. 
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Art,  VI.  The  latitude  of  the  point  M  near  Dunkirk^  and  confe-' 
quently  the  dijiance  between  the  parallels  of  Greenwich  and  M^ 
deduced  from  the  fame  length  of  a  degree  perpendicular  to  the 
meridian.  Afo  the  comparifan  of  its  length  with  that  of  the 
meridional  degree. 

Again,  let  us  fuppofe  G  (Plate  X.  %•  7.)  to  be  Greenwich ; 
Pr  its  meridian  ;  M  the  point  near  Dunkirk,  fuppofed  to  be  in 
the  meridian  of  Paris ;  Mr  a  great  circle  pafling  through  that 
point,  and  falling  perpendicularly  on  Pr.     Then,  if  we  take 
61253!  fathoms=i%  we  (hall  have  rM  (=89674.7  fathoms} 
rz:  1^27^  50^^37,  and  Gr  (=25831.43  fathoms)  =  25^  1 8^''.  17. 
Hence  Pr  will  be  38^  56^  38^'.! 7  ;  and  therefore  as  rad.  :  coline 
Pr  ::  cofine  rM  :  fine  51^  i^  S^'^'S  the  latitude  of  M ;  and  51^ 
28^  4o^^--5i^,i''  58'^5  =:26'4i/^;5  is  the  difference  of  latitude 
between  Greenwich  and  M,  or  the  diftance  of  their  parallels. 
Now,  as  3600'^  :  61253I  ::  26^41^^.5  (=1601^^5)  :  27249,3 
fathoms;  and  this  being  added  10133409.8  fathoms,  the  meafured 
arc  of  the  meridian  between  M  and  the  Royal  Obfervatory  at 
Paris,  we  have  1 60659.1  fathoms  for  the  length  of  the  ter- 
reftrial  arc  of  the  meridian  comprehended  between  the  parallels 
of  the  two  Royal  Obfervatories  nearly.     But  the  length  of  the 
celeftial  arp  between  them  being   a""  38^  2 6^"^  would,  at   the 
rate  of  61253!  fathoms  to  a  degree,  give=:  161743,3  fathoms, 
which  exceeds  the  meafured  arc  by  1084.2  fathoms.     Therefore 
it  is  Jufficiently  obvious,  that  the  earth  cannot  be  a  fphere  of  thefe 
dimenfons ;  but  it  muji  be  an  oblate  fpher old ^  on  which  a  degree  of 
a  great  circle^  perpendicular  to  the  meridian^  in  this  way  of  con^ 
fidering  ity  exceeds  in  length  the  mean  degree  of  the  meridian  be- 
tween  Greenwich  and  Paris  in  the  proportion   of  612^ ^l  to 
60842,  or  ^11  i  fathoms. 

Art. 
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Art.  V 11.  application  of  the  refults  of  the  pok-Jlar  obfervations 
to  computations  on  M.BavGVEKsfpheroid,  for  the  difianceof 
the  parallels  of  Greenwich  andWL. 

Hitherto  the.refvflts  obtained  by  the  geodetical  meafurement 
and  pole-ftar  obfervations  have  been  applied  to  fpherical  com- 
putations on  two  fpheres  fuited  to  the  different  lengths  of  de- 
grees found  in  two  oppofite  dirediojas,  at  right  angles  to  each 
other,  the  meridian  and  its  perpendicular;  and  from  thefe 
computations  it  has  been  clearly  proved,  that  the  earth  cannot^ 
be  either  of  the  afiumed  fpheres. 

Let  us  thereforey  in  the  next  place,  fuppofe  the  earth  ta 
have  the  figure  and  the  dimenfions  of  M.  Bouguer's  fpherold^ 
and  by  way  of  comparifon  apply  the  fame  refults  to  computa-* 
tions  on  that  figure.  Thus  the  latitude  of  the  point  r  will  be 
found  51''  3'  iz'^^op,,  and  the  arc  rMrri''  2^  4g^/*0'j.  Hence, 
as  rad.  :  cofine  rP  ::  coline  rM  :  fine  51°  i^  4;8''^85  zz:  the  lati-. 
tude  of  M  nearly.  Now,  let  the  points  r  and  M  be  repre- 
fented  by  B  and  v  (Plate  X.  fig.  z.)  then  will  A  reprefent  the 
point  whofe  latitude  is  51;"  i^  48^'.§5  ;  and  by  proceeding  in 
the  manner  formerly  direfted  for  a  fpheroldi  we  get  GWzz: 
15.12  fathoms  =:  to  the  diflance  in  the  axis  between  the  points 
where  the  verticals  from- the  latitudes' 51''  3^  i2''^09  and  51°  i< 
48^^85  meet  the  faid  axis.  Hence,  as  rad.  :  1 5*1 2  (GW)::  cofine 
51°  i'  48''.85  (angle  SWG)  :  9.509  fathoms  r:  GS,  or  the  arc  Av 
extremely  near.  Now  the  value  of  Av^  as  an  arc  of  the  meridian,  . 
is  =  o''^56,  ivhich  being  added  to  38' 58/ 1 1^^  15  (AP).  gives 
38°  58''  ii^^7i=Pi;,  the  co-latitude  of  1; ;  and  hence  the  true 
latitude  of  v,  or  M  (fig.  7.),  is  51°  i^  48''. 29,  which  being 
fubtraaed  from  51°  2.S'  40'^  the  latitude  of  Greenwich^  there 
remains  26^  51^^-71   for  the  arc  between  th^m,  or  diftance  of 
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their  parallels,  which  on  this  fpheroid  correfponds  10^27248.2 
fathoms,  lels  oidy  by  i .  i  fathom  than  the  fpace  fbundj  in  the 
lafl  article,  to  aafWer  to  an  arc  of  ^6^  4i^^-5>  being  the  dif- 
tance  of  the  fame  parallels  on  the  greater  fphere. 

Thus  the  meafiired  length  of  the  arc  between  Greenwich 
and  M,  27248.2  fathoms,  being  added  to  the  meafured  dif- 
tance  of  M  from  the  Rojal  ObferFatory  at  Paris,  \wt  have  for 
the  total  length  of  the  arc  between  Greenwich  and  Paris 
160658  fathoms,  which  exceeds  the  computed  length  of  the 
fame  arc  on  M.  Bouguer's  hypothdis  by  no  more  than  7! 
fathoms. 

But  it  hath  be^en  already  fhewn,  th^it  whatever  the  precifc 
figure  of  the  earth  may  be,  a  degree  of  a  great  circle  upon  it, 
/perpendicular  to  the  meridian,  cannot  in  thefe  latitudes  differ 
m^leh  in  length  from  6125^1  fathoms,  being  but  i6f  fathoms 
lefs  than  61270  fkthoms,  the  length  of  the  correfponding 
degree  on  M.  Bougueh's  fpheroid. 

As  far  therefore  as  we  are  enabled  to  judge  from  the  refult 
of  thefe  ohfervations,  the  earth  diflfers  but  little  eithef  in  its 
latitudinal  or  longitudinal  dimenfions  from  what  hath  been 
affigned  to  it  by  M.  Bo uguer. 

Art.  WW.  ;A:pplkation  of  the  foleflur  t^vrntions  nt  B^tley 
;Mll  and  Goudburjl^  fhr  deter  mining  the  length  oj  the  degree  of 
a  great  circle ^  perpendicular  to  the  meridian. 

Since  M.  BouGUER'sfcale  for  the  degrees  df  the  meridian 
^hath  been^und  to  agree  almofl  exactly  with  obfdrved  latitudes 
in  this  part  of  the  earth,  let  us  take  the  latitudes  of  Band  R 
(fig.  5.)  as  th^  woiild  be  fbund  on  his  Spheroid  nearly,  and 
apply  the  pole-flar  obfervations  at  B  and  G,  in  order  to  find 
the  length  of  the  degree  of  a  .great  circle,  perpendicular  to 
7  the 
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the  meridian  of  Botley  HilU  pafling  through  Goudhurft. 
We  £hall  then  have  PB,  the  co-latitude  of  Botley  Hill, 
=38'  43'  18^46,  and  PR,  the  co-latitnde  of  R,  ^  0%^  ^^^ 
7^''.  14.  Now,  if  the  latitudes  of  B  and  R  are  ncctrly  true,  it 
follows,  that  the  point  G  mu^  be  Jomewhere  in  the  great  circle 
RG,  whatever  may  be  its  longitude.  Therefore  the  angle  BPG,  or 
the  difference  of  longitude  between  B  and  G,  will  be  found  in 
the  following  manner. 

Augment  the  ob/erved angle'FBG^,  119''  21^  "^3^^*^^  and dimi" 
ni/h  the  obferved  angle  PGB  ^  bo"  1 7^  i  f''^/  by  the  fame  quantity  of' 
a  degree]  until  PR  determined  from  the  triangle  ^'PG  becomes  = 
38°  53''  f  \\t^  nearly  %   which  will  be  when   that  quantity  is  9^ 
%i^\     Thus  the  angles  for  computation  will  be  119''  21'  io^''.% 
+  9'  2i''-ii9'  30'  34''.2,    and  60"  17'    i5''-7-9'  ^^'' - 
66"  f  S^^'1  5  "thence  the  angle  RPG,  or  difference  of  lon- 
gitude between  B  and  G,  will  be  found  =  27^  S^^^vS'  ^^^^  ^^^ 
arc  RG  ir:  1 7-"  ao'^^o 6  nearly  =s  1 7695  fathoms.     And  hence  the 
degree  of  a  great  circle.^  perpendicular  to  the  meridian^  of  this 
new  fpheroid^  will^  in  the  latitude  of  R^  contain  61%^% fathoms 
nearly. 

This  follows  as  a  corollary  from  what  hath  been  already  f aid 
concerning  fpheroidical  triangles. 

But  {met  the  difference  oi  longitude  between  B  and  G  was 
formerly  determined  to  be  nearly  the  fame,  W2;.  ^Y  3^^'*7^  when 
ihe  obferved  angles  at  thefe  two  ftations,  and  alfo  the  latitude 
of  B,  were  fuppofed  to  be  on  a  %ure  different  from  this  new 
fpheroid ;  it  therefore  follows,  that  the  difference  of  longitude 
'between  any  twofiations  B  andG^  dflant  m  the  prefent  cafe  from 
^ach  other  twenty-three  miles  i^vidi  they  fhould  never  be  much 
lefs  remote)  may  he  found  with  fufficient  exaSinefs^  by  having  the 

horizontal 
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hori%onial  angles  at  each  Jiatim  ohferrued  very  accurately^  and  the 
latitude  of  me  of  the  ftations  given  nearly. 

The  differemce  of  longitiide  between  3Botley  ffill  and  Goud- 
hurfl,  found  as  above,  2^  ^(>^^*7S^  being  augmented  by  the 
value  of  the  fmall  arc  comprehended  between  the  meridians  of 
Greenwich  and  Botley  Hill  =  2^^.J^  we  have  ultimately 
izy-  39^^45  for  the  longitude  of  Goudhurft,  eaftward  from 
Greenwich* 

,  AjRTo.  IX,  difference  between  ohfrved  angles  on  the  new  fpheroid 
and  that  of  M.  Bougu^r. 

Laftly,  on  the  fubjed  of  thefe  comparlfons,  let  us  fee  what 
>would  be  the  dilFerenc^.  bet  ween  the  obferved  angles  at  B  and  G, 
as  determined  on  the  new  fpheroid  and  on  that  of  M.  Bouguer  ? 

The  latitudes  of  B  and  G  on  M,  Bouguer's  fpheroid  would 
refpedlively  be  51^  ih^  /\.i^\^4  and^T  6^49^^66  nearly,  and 
the  angle  BPG,  or  difference  of  longitude,  would  be  :=  ^7'' 
j^^'^.iS.  Now,  this  laft  angle,  with  the  two  co-latitudes  PB 
and  PG,  as  containing  fides,  and  fuppofed  to  form  a  fpherical 
triangle,  will  give  the  angles  at  B  and  G  refpedlively  119^  31^ 
26^^47  ^^^^  60^  7^3'^i8.  But  the  obferved  angles  at  thefe 
ftations  would  be  119°  zi^  3'^^^-97  ^^^^  60""  16'  56'^68,  the 
.common  difFerence  betw;een  them  being  .9'  53^' 'S^  which 
is  32^^.5  greater  than  9^  21'''',  as  was  before  determinedo 
Hence  we  may  conclude,  that  in  this  new  fpheroid^ 
founded  immediately  on  the  recent  geodetical  meafure- 
,ments  and  obfervations  of  the  pole-ftar  made  at  Botley 
Hill  and  Goudhurft,  the  verticals  from  B  and  G  meet  the 
earth's  axis  at  a  lefs  diftance  from  each  other  than  they  would 
in  M.  BouGUEa's  fpheroid.  The  length  of  the  vertical  is 
ihorter  .as  well  as  the  radius  of  the  parallel,  whereby  Goud- 

hurft. 
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biirfl:,  or  the  point  R,  is  lefs  femoved  from,  the  earth's  axis 
than  it  would  be  on  the  former  figure;  and  confequentlj  it  is 
probable,  that  the  fpheroid  is  lefs  oblate. 

From  the  preceding  determinations  it  is  further  evident,  that 
fuppofing  the  latitudes  of  B  and  G,  with  the  horizontal  an- 
gles PBG  and  PGB  to  be  given  by  obfervatlon,  not  only  the 
difference  of  longitude,  or  the  angle  BPG,  will  be  obtained, 
but  alfo  the  arc  BR  of  the  meridian,  the  arc  RG  of  a  great 
circle  perpendicular  to  it,  and  the  obHque  arc  BG,  all  conii- 
dered  as  arcs  of  great  circles  of  the  fpheroid. 

Art*  X.  Further  illnftratlon  of  the  manner  of  fettUng  the  lati- 
tudes and  longitudes  of  the  Jl at  ions  comprehended  in  the  general 
table  of  refults. 

Having  Ihewn,  in  the  preceding  part  of  this  feaion,  how 
the  length  of  the  degree  cf  a  great  circle,  perpendicular  to  the 
meridian,  and  alfo  the  differences  of  latitude  and  longitude, 
have  been  obtained  by  very  accurate  obfervations  of  the  pole- 
ftar  made  at  certain  ftatlons  to  the  eaftward  of  Greenwich, 
whereby  we  have  been  furnidied  with  a  fcale  for  fettling  the 
longitudes  of  all  the  other  ftatlons  where  no  obfervations  of 
the  pole-flar  could  be  had,  or  only  fuch  as  were  not  to  be  de- 
pended upon;  we  fliall,  by  way  of  further  illuftration  of  this 
matter,  give  another  example  of  the  calculations  for  the  point 
M  near  Dunkirk,  v^hlch  will  fuffice  for  all  the  other  ftatlons 
comprehended  in  the  general  table  of  refults  placed  at  the  end 
of  this  feftion,  where  the  refpedive  columns  have  been  filled 
up  by  the  fame  or  a  fimllar  mode  of  computation* 

Let  G  (Plate  X.  fig-  8.)  be  Greenwich ;  GRr  its  meridian ; 

Gg  the  perpendicular  to   that  meridian,  produced  eaftward; 

MR  a  parallel  to  that  perpendicular  drawn  through  the  point 

VoL.LXXX.  Ff  M; 
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M ;  and  let  Mg  be  a  portion  of  a  fmair  circle  of  the  fpherord^ 
or  parallel  to  the  meridian  of  Greenwich,  produced  from  M 
northward,  until  it  interfedts  the  perpendicular  In  the  point  ^, 
Alfo,  let  MP  reprefent  the  meridian  of  the  Royal  Obfervatorjr 
at  Paris,  paffing  through  the  point  M,  and  interfefling  the  pa^- 
rallel  of  Greenwich  in  P.  Further,  let  C  reprefent  the 
church  of  Notre  Dmne  at  Calais,  and  making,,  as  appears  by 
the  triangles,  an  angle  RMG  of  i^^  ^i^^^\g  with  the  pa« 
rallel  to  the  perpendicular  of  the  meridian  of  Greenwich  drawn 
through  the  point  M. 

From  the  annexed  general  table  of  the  refults  of  the  tri- 
angles, It  appears,  that  MR=^"G  contains  538048  feet=s5 
89674.7  fathoms;  and  that  GR=:^M  contains  154938  feet  = 
25823  fathoms.  Now,  fince  great  circles,  perpendicular  to 
any  meridian  of  the  fpheroid,  converge  towards  each  other^ 
as  they  depart  from  that  meridian,  in  the  fame  manner  as  the 
meridians  themfelves  do  in  departing  from  the  equator,  but 
by  a  flower  rate,  it  is  obvious,  that  the  perpendicular  to  the 
meridian  of  Greenwich,  paffing  through  the  point  M,  muft 
fall  below  or  to  the  fouthward  of  R  on  that  meridian,  fo  as 
that  Gr  :  GR  ::  rad.  :  cofme  MR  =  i/^  27^  51''',  confidered  as 
a  portion  of  a  great  circle  of  the  fpheroid,  perpendicular  to* 
the  meridian  of  Greenwich.  Hence,  Gr  will  contain  23831-43 
fathoms  =  25^  27^^9  of  iatitude,  and  therefore  the  latitude  of 
r  will  be  51°  3^  I2''.i,  audits  co4atitude  38^  56'  47^9.  Alfo, 
Er   meafures   8.43  fathoms,  and   fubtends   an  angle  KMr  — 

In  the  right-angled   fpherical    triangle,    pole   rM,    right- 
angled  at  r,  making  ufe  of  the  half  fum  and  half  difference 
of  the  containing  fides,   r  pole  and  rM,  with   the   co- tan- 
gent 
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gent   of  4 5*^  we  have  the  angle  of  longitude  r         ^     ^     ^/ 
pole  M,  .  .  .  .  rr    2    19   42  5 

The  angle,  pole  Mr,  .  ,  .  :::::88    11    21.4 

And  the  complement  of  this  laft,  or  the  con- 
vergence of  the  meridian  of  M  (fuppofed  to  co- 
incide with  that  of  Paris)  to  the  meridian  of 
Greenwich,         .         .         •         .  .  =:    i   48  38.6 

Alfo,  as  fine  88^  ii^  21''. 4  :  fine  38"  56'  ^f\g  ::  rad.  :  fine 
38^58-ii''^2  the  co-latitude  of  M  ;  whence  its  latitude  be- 
comes  51°  i^  48^^85  from  which,  deducing  the  fpheroidical 
corredion  o^^.^,  we  have  the  true  latitude  of  M  — 5^  i^  48^^3, 
The  difference  between  this  and  the  latitude  of  r  =  5i^  3^  12'^I 
will  be  i''23/^.8,  anfwering  on  the  fpheroid  to  141 6.77  fathoms  ; 
and  this  laft  number  being  added  to  the  value  of  the  arc  Gr:= 
25831.43  fathoms,  we  have  27248,2  fathoms  for  MP,  or  the 
43iftance  of  the  parallels  of  Greenwich  and  M  on  this  new 
fpheroid. 

Laftly,  if  to  this  mean  diftance  of  the  parallel  of  M  from 
Greenwich,  we  add  the  mean  diftance  of  the  parallel  of  M 
from  Paris  ==  133398.8  fathoms,  we  fhdl  then  have  160647 
fathoms  for  the  mean  diftance  of  the  parallels  of  Greenwich 
and  Paris,  anfwering  to  the  celeftial  arc  of  2"^  38^  26'^ 
Hence  the  mean  degree  of  the  meridian  between  Greenwich 
and  Paris  correfponding  to  the  latitude  of  50°  9^1,  contains 
40838.3  fathoms,  or  about  if  fathom  lefs  than  M.  Bouguer^s 
degree  for  the  fame  latitude. 


F  f  2  Art. 
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Abt*   XL    C&mparifon  ^f  the    ^rngk  kfween  ih  merfdmn  ef 
the  pGmi    M    and  a   line  'drawn  frmi  theme  to  Calais^  as 
approx'imiitefy   dedmtd  Jrom .  the  Briii/B    awd  French  obfir-' 

v-atkns. 

In  the  fpneroidical  quadrilateral  GgrM  (fig.  8.),  formed  by 
three  arcs  of  three  great  circles,  and  one  of  a  fmall  circle  of  the 
fpheroidg  we  have  two  right  angles  at  G  and  r,  and  two  others 
atf  andM,  each  greater  than  a  right  angle  by  9'^. 7 1  there- 
fore the  angle  RMC,  refulting  from  the  triangles  =:  H^^li^  ^^^9 
^RMr  (19^^.42)=  14^  50^  44^^5+90^^  0^9'^.;  (C%)  = 
104°  50^  54'^«2,  is  the  angle  f  MC,  ot  that  which  Calais  makes 
with  a  parallel  to  the  meridian  of  Greenwich  drawn  through 
the  point  M.  From  this  lai  angle  fubtrading  the  angle  PB% 
=  i""  48''  3:8^^.6,  OP  the  quantity  by  which  the  meridian  of  M 
(fuppofed  to  coincide  with  that  of  Paris);  converges  towards 
ihat  of  Greenwich,  there  remains  the  angle  PMC=  lof  2^ 
15/^.6  for  the  angle  that  the  meridian  of  M  fliould  make  with 
aline  drawn  from  D,  or  Dunkirk,  through  that  point  to  Ca- 
lais, according  to  the  B«tifli  obfervations. 

By  the  late  French  operations,  the  meridian  of  Dunkirk 
makes,  %vith  a  line  drawn  through  M  to  Calais,  an  angle  of 
102^  59/  5 1  ^'^5.  The  conwrgence  of  the  meridian  of  M  to 
that  of  Dunkirk,  on  a  difference  of  longitude  of  2.^  2i^^*54, 
is  1^  49/''.9 4,  which  being  added  to  loa""  59/  51^^*5,  we  have 
103:^  1^  4i'^44f€r  the  angle  that  the  meridian  of  M,  or  of 
Paris j  makes  with  a  line  drawn  from  Dunkirk  through  that 
f  oint  to  Calais,     The  di^rence  between  the  two  refults  34^^*  1 6 

m-  nearly  equal  to  the  mean  of  two  extremes  (^Ll£!\  =  ^f^i^. 

^  ^SB^^^'  iincertalnty,  in  the  determination  of  that  angle 

1  by- 


the  Tngommefncal  Operation.  %%  i 

by  two  fets  of  angles  given  in  the  Meridienne  verifiee^  as  adverted 
to  in  the  Paper  of  1 78  7,  Phil.  Tranf.  Vol.  LXXVIL  p,  195,  1 96. 

Art.  XII.  "The  longitudes  of  Dunkirk  and  Paris ^  eajlward  from 
Greenwich^  determined  by  the  fum  of  four  differences  of  me* 
ridians. 

In  fig.  9.  let  PA  be  the  meridian  of  Greenwich ;  G  Goud- 
hurft,  PR  its  meridian  ;  T  the  ftation  at  Folkftone  Turnpike^ 
PS  its  meridian ;  C  Calais,  PC  its  meridian ;  D  Dun- 
kirk, and  PB  its  meridian.  Alfo,  let  AG,  RT,  SO,  and  BC,  be 
arcs  of  great  circles,  making  the  angles  PAG,  PRT,  PSC, 
and  PBC,  right  ones. 

The  angle  at  Goudhurft,  between  its  meridian  and  Tenter- 
den,  is  107°  26^  4o'''.3i  hence,  by  drawing  parallels  to  this 
meridian  through  Tenterden  and  the  flation  at  Allington  Knoll 
(fee  the  plan  of  the  triangles)  we  fliall  get  946.6  fathoms  for 
what  the  ftation  at  the  Turnpike  Is  fouthward,  and  28098.8  fa- 
thoms for  what  it  is  eaftward  from  the  meridian  of  Goudhurft. 
Now,  60859.4  fathoms  being  nearly  ==  1°  of  the  meridian  in  the 
latitude  of  Goudhurft,  we  have  946.6  fathoms  =  56-''  nearly  zrf 
the  arc  GR;  and  the  latitude  of  Goudhurft  being  51°  6^  49^^<'6^ 
that  of  the  point  R  is  51°  5.^  S^^ ^^\  hence  the  co-latitude  RP 
2=38^  54'  6^^4:  and  fince  the  degree  of  a  great  circle,  per- 
pendicular to  the  meridian,  in  this  latitude  has  been  fliewn  to 
contain  61248  fathoms  nearly;  therefore  RT^aSopS.S  fa- 
thoms, will  be  27^  3i''^6.  This  arc  and  RP  give  the  angle 
RPS  sso'^  43^  49^^86  for  the  difference  between  the  meridians  of 
Goudhurft  and  Folkftone  Turnpike* 

The  angle  at  Folkftone  Turnpike  between  its  meridian  and^ 
Dover  was  obferved  66''  48'  3S^^ ->  '^^^  ^^  w^  draw  a  parallel  tO' 
this  meridian  through  Dover,  we  ftxall  find,  that   Calais   irs 

2^5  2  84?  2^ 
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25284,2  fathoms  eaftward  from  the  meridian  of  the  Turnpike. 
Now,  the  latitude  of  Calais  being  50"^  k^^]^  30''^  nearly  (which 
is  accurate  enough  for  computation)  the  length  of  the  degree 
of  a  great  circle,  perpendicular  to  the  meridian  in  that  latitude, 
will  be  61246  fathoms  nearly.  Hence,  25284.2  fathoms  == 
24^  46^'.8  rzthe  arc  CS  ;  this,  with  the  co-latitude  CP  {^(f  z^ 
S^^'O'  S^"^^  ^^^  angle  CPSrr^p''  19^''.48,  for  the  difference  of 
longitude  between  the  Turnpike  and  Calais. 

By  Comte   de  Cassini's   Paper,  communicated  in  January 
1789,  it  appears,  that  the  angle  at  Dunkirk,  between  its  me- 
ridian and  Broulezele,  is  10°  18''  25''^;  and  that  between  Broule- 
zele  and  Calais  66^  41''  46'''|,  the  fum  is  "jf  o^  ii^%  for  the 
angle  at  Dunkirk,  between   its   meridian  and  Calais.     In  the 
fame  Paper  we  have  19349  34  toifes  for  the  diftance  of  Dun- 
kirk   from   Calais;  this,  with    the   angle    77°  o\   11^^ ij  give 
18853.7  toifes  or  20093.3   fathoms  for  the  diftance  of  Calais 
weflward  from  the   meridian  of  Dunkirk,  which,  by  taking 
61246  fathomsrz:!''  (that  of    a  great  circle  perpendicular  to 
the  meridian  in  the  latitude  of  Calais),   is  equal  to  ig^  jS^\^\i 
rrzthe  arc  EC;  and  this  arc,  with  CP  the  co-latitude  of  Ca- 
lais, give  the  angle  CPB=3i^    i5^^*ii  for  the  difference  be- 
tween the  meridians  of  Calais  and  Dunkirk. 

The  angle  APR,  or  the  difference  of  the  me- 
ridians of  Greeenwich  and  Goudhurfl,  has  al- 
ready been  found  (fee  the  end  of  the  8th  article, 
and  alfo  the  table  of  general  refults),         .  rzo  27  39.45 

RPS         .         •         •         .  =0  43  49.86 
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It  hath  been  already  remarked,  that,  from  p.  2y6.  Meri^ 
iienne  xertfiee^  Dunku'k  is  1430  toifes  eaftward  from  the  me- 
ridian of  Paris ;  and  that  in  p,  36.  of  the  Defcription  Geome^ 
trique  de  la  FrancCy  we  find  it  only  1416  toifes.  Now,  thefe 
will  give  2^  22^^6  and  2^  21/^2  refpeflively  for  the  difference 
of  meridians  of  Dunkirk  and  Paris ;  the  mean  is  2^^  2i''''.p  for 
the  longitude  of  Dunkirk  eaft  from  Paris;  therefore  2^"  22^ 
3^^9-2'  21/^9  —  2°  19'  42^^  or  <)'  i8'^8  in  time,  will  be  the 
longitude  of  Paris  eaft  from  Greenwich  nearly. 
,  Again,  in  %•  10.  |et  P  be  the  pole ;  G  Greenwich,  PWits 
meridian  ;  RD  an  arc  of  a  great  circle  making  the  angle  at  R 
a  right  one,  and  paffing  through  D;  and  DW  an  arc  of  the 
parallel  of  latitude  of  Dunkirk* 

By  p;  240.  of  the  Mem.  de  V Acad.  1758,  the  celeftial  arc 
between  Paris  and  the  ftation  of  the  feftor  near  Dunkirk  is 
2°  11^  K^o^^  %  to  which  adding  S^^ ^"^  (==84$  toifes)  for  what 
the  tower  is  north  from  the  ftation,  we  have  2.^  1 1""  SS'^*3  ^^ 
the  arc  between  Paris  and  Dunkirk  ;  therefore,  if  the  latitude 
of  Paris  is  48""  50^  i6j\  that  of  Dunkirk  will  be  51''  2'  9'^3, 
whence  its  co'-latitude  becomes  38""  57^  50^^7— DP. 

From  what  has  been  faid  concerning  fpheroidical  triangles^ 
it  follows,  by  way  of  corollary,  that  to  find  RD  by  fpherical 
computation,  when  DP  and  the  angle  at  P  are  given,  it  is 
neceffary  to  diminifh  DP  by  a  certain  quantity  determinable 
from  the  nature  of  the  fpheroid;  this  quantity  is  about  o^^. 5^ 
when  the  fpheroid  is  M.  Bouguer'sj  therefore  DP  naay  be 
taken  =::  38""  ^f  5o^^2,  which  is  fufficiently  accurate  for  com- 
putation. 

Hence,  as  rad.  :  fine  DP  ::  fine  2^  22'  3'^9  =  WPD  :  fine 
i""  29^  I9'^i7=the  arc  DR.  Now,  61247  fathoms  being 
equal  to  I "^  of  a  great  circle  perpendicular  to  the  meridian  in 

the: 
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■  the   latitude  .  of  Dmiklrk   nearljj  we   have,  as   i"  :  61247  :: 
I.'""  a9''j9^''.i7  :  91 175.8  fathoms r=: the  arc  DR. 

But  the  length  of  this  arc  DE  has  been  found  nearly  the 
famci  that  is^  91 176,3  fathoms  (fee  the  table  of  general  re- 
fults)  by  continually  drawhig  parallels  to  the  meridian  of 
Greenwich  through  the  different  ftations  between  it  and  Dun- 
kirk i  therefore,  although  that  method  in  general  is  not  ftridlly 
accurate,  having  a  tendencj/  to  give  the  refults  in  excefs ;  yet 
it  is  evident,  that  the  length  of  the  arc  of  a  great  circle  fo 
determined  will  differ  very  little  from  the  truth,  when  the 
feries  of  triangles  employed  for  that  purpofe  are  contiguous  to 
it,  and  follow  its  direftion  nearly. 

Art.  XIII.  For  the  dijlance  between  the  parallels  of  latitude  of 

Greemvicb  and  Paris. 

The  diftance  between  the  parallels  of  Greenwich  and  Paris 
has  already  been  determined  in  Art.  X.  of  this  fe£lion,  by 
taking  M  (1420.41  toifes  weftward  from  Dunkirk)  as  the  in- 
termediate point.  Let  us  next  fee  what  will  be  the  refult  when 
Dunkirk  is  made  ufe  of  inftead  of  M  ? 

In  fig.  10.  as  cof.  RD  :  rad.  ::  cof.  DP  :  cof.  PR- 38'  56^ 
24^^07 ;  but  DP  by  obfervation  13  =  38'  57^  50''^7  =  PW; 
hence  PW~-PR=r38^  sf  S^^'^l-'^^^  5^'  24^07==!^  26^^63 
irzRW  — 1464,5  fathoms  nearly,  by  taking  60858  fathoms  for 
a  degree  of  the  meridian^  that  being  nearly  its  value  In  the 
latitude  of  Dunkirk. 

By  our  operation  Dunkirk  is  25425  fathoms  fouthward  from 
Greenwich  ;  but  the  great  circle  DR  meets  the  meridian  of 
Greenwich  about  8$  fathoms  further  fouth,  that  is  to  fay,  GR 
is  25425  +  8.5  :i;  25433.5  fathoms^  which  being  added  to  1464.5 

Pives 
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gives  26898  for  the  diftance  between  the  parallels  of  latitude 
of  Greenwich  and  Dunkirk. 

Becaufe  Dunkirk  is  fituated  near  the  meridian  of  Paris,  the 
diftance  between  the  parallels  of  latitude  of  thefe  places  will  be 
nearly  equal  to  what  Dunkirk  is  north  from  Paris,  namely, 
125517I,  or  125495  toifes  (fee  the  pages  formerly  quoted). 
Thefe  numbers  give  refpe£lively  133770  +  26898^1:160668, 
and  133746.3  +  26898  =  160644.3  fathoms  for  the  diftances 
between  the  parallels  of  Greenwich  and  Paris,  a  mean  between 
which  will  nearly  be  160656  fathoms. 

If  therefore  the  celeftial  arc  of  the  meridian  between  Green- 
wich and  Paris  is  2°  38''  26^^^  we  get  608^1.6 J  or  60837 1  fa- 
thoms for  a  degree  of  the  meridian  in  latitude  50°  g^f,  the 
middle  poipt^  between  Greenwich  and  Paris ;  and  a  mean  of 
thefe  two  refults  60841I  only  exceeds  M.  Bouguer*s  degree 
for  the  fame  latitude  about  i|  fathom,  a  quantity  not  differing 
fenfibly  from  the  defed  that  was  brought  put  by  the  compu- 
tation in  Art.  X.  Finally,  therefore,  by  taking  a  mean  be- 
tween this  and  the  former  length  60838I,  wefhali  have  60840 
fathoms  for  the  degree  of  the  meridian  in  latitude  50""  ^'  2^^ 
agreeing  almoft  exadly  with  that  of  M.  Bouguer. 

Art.  XIV.  Comparifon  cf  the  length  of  a  degree  of  a  great  circle, 

perpendicular  to  the  meridian  in  Kent^  with  that  in  the  Boutb 

of  France. 

M.  Cassini  de  Thury,  in  his  Book  L^  Meridhnne  verifee, 
has  given  us  the  detail  of  an  operation  carried  on  in  the  South 
of  France  in  latitude  43°  32V  for  the  determination  of  the 
length  of  a  degree  of  longitude,  by  marking,  at  the  extremi- 
ties of  a  long  and  well  afcertaineS  diftance,  the  inftantaneous 
explofion  of  gunpowder  in  the  open  air.     For  this  purpofe  a 
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feries  of  triangles  was  extended  along  the  ihore  of  the  Medi- 
terranean Seaj  between  Cette  and  St.  VI£toire,  the  extreme 
ilations  from  whence  the  light  %vas  repeatedly  obferved,  as 
fired  at  the  church  of  St.  Maries,  nearly  in  a  central  fituation, 
at  the  mouth  of  the  lefler  branch  of  the  river  Rhone. 

From  the  refult  of  this  operation,  the  beft  of  the  kind  that 
has  ever  been  executed  in  any  country,  it  appears,  that  a  degree 
of  longitude  in  that  latitude  meafures  44355.7  fathoms; 
whence  it  follows,  that  the  degree  of  a  great  circle,  perpendicular 
to  the  meridian  there,  mufl  contain  61182!  fathoms,  being 
65$  fathoms  lefs  than  the  degree  in  the  middle  of  Kent,  lati- 
tude s^'  (>'  50''. 

Now,  if  we  compare  this  difFerence  with  that  found  between 
tlie  correfponding  degrees  of  great  circles  for  the  fame  latitudes 
on  M.  Bouguer's  hypothefis/  we  ihall  find  them  perfeclly 
confident  with  each  other  in  their  rate  of  diminution  :  for,  by 
confulting  the  table,  it  will  be  feen,  that  this  degree  in  lati- 
tude 51''  6^  50^^  exceeds  that  in  latitude  43°  32^  by  64.7  fa- 
thoms, agreeing  within  lefs  than  a  fathom  with  the  former 
difFerence. 

On  due 'confideration  of  fo  many  corroborating  circum- 
jftances  as  have  been  adduced  in  the  couife  of  this  fedion 
there  feems,  therefore,  to  be  fufficient  room  to  conclude,  that 
the  earth  differs  but  little  either  in  its  figure  or  dimenfions  from 
what  hath  been  afligned  to  it  by  M.  Bouguer.  It  is  true,  in- 
deed, that  a  new  fpheroid  has  been  here  prefented,  fomewhat 
lefs  flat  than  the  former,  founded  immediately  on  the  Britifh 
obfervations ;  and  thefe  being  again  compared  with  the  refult 
of  the  above-mentioned  operation,  v^Jiereby  the  degree  of  lon- 
gitude in  the  South  of  France  was  determined,  it  is  from  the 
combination   of  both  refults   that  the  annexed   table   of  the 
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lengths  of  degrees  of  great  circles  and  of  longitude  has  been 
conftrudled  for  middle  latitudes  only,  extending  from  42°  to 
52^  Without  the  help  of  fuch  a  table,  the  new  longitudes  of 
fome  intermediate  places,  which  we  ftiall  have  occafion  here- 
after to  compare  with  the  old,  could  not  have  been  fo  accu* 
rately  computed  as  was  wiflied.  Now,  although  it  is  be- 
lieved, that  this  table  will  be  found  to  anfwer  nearly  in  that 
zone  of  the  earth  for  which  it  is  intended;  yet  it  is  only 
offered  for  temporary  ufe,  until  future  obfervations  of  the  pole- 
ftar  in  the  fame  parallel,  but  on  longer  diftances  than  our  recent 
feries  of  triangles  afforded,  or  the  extenfion  of  operations  of 
the  fame  nature  with  ours  into  remoter  latitudes,  fhall  have 
furnifhed  data  for  one  more  correct. 


Table  of  the  degrees  of  great  circles  and  of  longitude  for 

middle  latitudes. 

Deg.  of  great  cir- 

Degrees of  longitude 

places. 

Latitudes. 

cles,  perp.  to  the 
meridian  in  fath. 

in  fathoms. 

0      /     // 

DifF. 

Diff. 

42  0  0 

43  0  0 

61178.    J  ^••s 

45458-5    -1,1^, 
44742.8    \  7 '5- 7 

South  of  France      ^ 

43  32  0 

61 1 82.5    }  4-5 

44355-7    }  387-1 

44  0  0 

61 186.5    }  4- 

44013.9    }  341.8 

45  0  0 

61195.      }  8.5 

43271-4    }  742.5 

46  0  0 

61203.      }  8. 

42515.2    }  756.2 

47  0  0 

61211.5    }  8.5 

41746.1    }  769.1 

48  0  0 

61220.      }  8.5 

40964.2    } -781.9 

Paris  Royal  Obfervatory 

48  5°  H 

61227.5    }  7.5 

40303.2    }  662.0 

49  0  0 

61229.      }   1.5 

40169.8    }  132.4 

50  0  0 

61237-5    }  8.5 

39362.8    }  807.0 

51  0  0 

61246.5    }  9. 

38542.7    }  820.1 

M  near  Dunkirk 

51  1 48.3 

61246.7    }  0.2 

385I8.-8    }     23.9 

Dunkirk 

51  2  9.3 

61246.75}  0.05 

38514-1    }       47 

Middle  of  Kent 

51     6  49.6 

61248.      }   1.25 

38450.0    }     64.1 

Greenwich  Royal  Obferv* 

51  28  40 

61251.1    }  31 

38148.7    }  301.3 

52     0    0 

61255-      }  3-9 

37712.3    }  436.4 
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Art.  XV.  Comparifon  of  the  old  longitudes  of  fome  places  op  the 
Jkirts  of  the  kingdom  of  Prance  with  what  they  will  be  when 
computed  by  the  new  data. 

If  the  preceding  detertninations  of  the  longitudes  of  the 
feveral  ftatlons  between  Greenwich  and  Dunkirk  are  accurate^ 
or  nearly  fo,  as  founded  immediately  on  the  Britifh  obferva^- 
tions,  and  ultimately  combined  with  the  refult  of  the  opera- 
tion in  latitude  43^  32^,  it  follows,  that  all  the  longitudes  of 
the  great  map  of  France,  the  labour  of  more  than  half  a 
century^  will  be  coniiderably  afFe(3:ed  thereby,  in  proportion 
to  the  diftances  of  the  places^  eaftward  or  weft  ward,  from  the 
meridian  of  the  Royal  Obfervatory  at  Paris  refpe£lively. 

To  fhew  the  efFe£t  produced  by  the  new  data^  we  fhall  col- 
1e(p*9  in  the  following  table,  the  latitudes  and  old  longitudes  of 
a  few  noted  places  on  the  ikirts  of  that  great  kingdom,  and 
annex  to  them  the  new  longitudes  refuiting  from  computations 
made  with  new  lengths  of  degrees  of  great  circles,  perpendi- 
cular to  the  meridian,  correfponding  to  their  latitudes  rejfpec^ 
tively.     It  will  readily  be  conceived,  that  the  obje£l  here  in 
view  is  folcly  this  ;  namely,  that  aftronomers  whp  li^e  near  thofe 
places,  and  who  have  their  time,  that  is  to  fay,  the  dire£tions 
of  their  meridians  very  accurately  afeertained,  may,  by  their 
future  correfpondingobfervations  (which  ftiould  only  be  occul- 
tations  of  the  fixed  ftars  behind  the  moon's  dark  limb)  com- 
pare the  old  with  the  new  longitude^  and  thus  be  enabled  to 
fatisfy  the  curious  world,  which  of  the  two   comes  neareft 
to  the  trutht 
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Comparative  table  of  the  old  and  new  longitudes  of  fome  noted  places 
on  the  ikirts  of  the  kingdom  of  France, 

Places, 

Latitudes. 

Longitudes, 

Diff.  of  old  and  new  long.  < 

Old, 

■  New. 

in  deg'  &c. 

in  time. 

• 

Tilier  de  Cette      ,. 
Tour  de  Planier,  near  Marfeilles 
Signal  of  St.  Viaoire 
Straibourg  (Conn,  de  T.  1788) 
Ditto    (Defcrip.     Geomet.    1783, 

.     P- 171-          • 

43  24    6 
43  IX  5*^ 
43  Z^  52 
48  34  35 

48  34  50 

45  35  15 
43  39    0 

47  2  29 

48  28  30 

0  /     // 

1  21       7 

2  54    8 

3  »5     8 

5  26  18 

525     0 

0  /     // 

1  20  37 

2  53     6 

3  13^,58 
J  24    6 

S  23  33 

i        // 

0  23 

1  2 

1  10 

2  12 

I  27 

Sec.  Thirds. 
I    32 

4    8 
4.40 
8  48 

.   5  48 

P-l 

J- 

'^Tour  de  Cordouan  at  the  mouth  of 
the  Garonne,  Conn,  de  T.  1788 
St.  Malo 

Fort  du  Pilier,  at  the  mouth  of  the 
Loire          .          .          .          . 
.Uiliant  Light-houfe 

3  30  38 

4  22  22 

4.42  20 
7  24  33 

3  29  18 

4  20  37 

4  40  30 
7  21  41 

I  20 

I  4S 

1  50 

2  52 

5.20 
70 

7,  20 
II  28 

The  greatefl  differeace  between  Straibourg  and  Ulliant 

The  leaft  difference         •           .              .              .              .             ; 

The  mean  difference              ,.              . 

5    4 

4  19 
4-41I 

20  16 

17  36 

18  46 

With  regard  to  the  longitudes  in  the  preceding  table,  it  is 
only  xiecefTary  to  obferve,  that  the  two  books  of  1744  and 
1783,  fo  often,  quoted,  are  not  always  coniiftent  with  each 
other,  and  both  do  fometimes  difagree  with  what  has  been 
placed  on  the  margin  of  the  map  of  France.  It  would  feem,., 
thzt  in  the  Description  Geomeirique  a  fcale  for  degrees  of  lon- 
gitude has  been  ufed  conliderably  greater  than  that  correfpond- 
ing  with  the  fpherical  hypothefis  adhered  to  in  the  contrac- 
tion of  the  nmap,  yet  jftill  too  fmall  for  what  we  have  found 
to  be  their  meafure  in  Kent,  or  that  refulting  from  their  own 
operations  in  the  South  of  France.  But  if  a  fimilar  mode  to 
that  which  they  praftifed  with  fo  much  fuccefs  in  the  South 
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had  been  employed  in  the  North  of  France,  the  fame  fort  of 
refult  as  we  have  obtained  in  Kent  would  probably  have  been 
the  confequence ;  in  which  cafe  it  cannot  be  doubted,  that  the 
fpherical  hypotheiis  would  have  been  entirely  rejeded,  and  their 
lengths  of  degrees  of  longitude  would  have  been  fuited  to  an 
oblate  fpheroid,  whofe  degrees  of  the  meridian  and  of  great 
circles  perpendicular  to  it  had  nearly  the  proportion  to  each 
other  of  60B40  to  61239  for  the  middle  latitude  between 
Greenwich  and  Paris,  being  an  excefs  of  399  fathoms  on  each 
degree  in  the  longitudinal  diredion* 

On  the  whole,  therefore,  as  matters  ftand  at  prefent,  it  Is 
fufficiently  obvious,  that,  in  the  total  extent  of  the  kingdom  of 
France  from  Strasbourg  on  the  eaft  to  Ufliant  on  the  weft,  the 
difference  between  the  old  and  new  longitude  amounts  to  be- 
tween 17  and  20  feconds  of  time ;  that  is  to  lay,  the  real  dif- 
ference between  the  meridians  of  thofe  places,  it  is  prefumed, 
will  not  be  found  by  future  obfervations  made  on  theoccultations 
of  the  fixed  ftars,  to  be  fo  great  as  it  was  formerly  fuppofed  to 
be  by  that  quantity,  or  fomething  approaching  it  very  nearly. 

Art.  XVL  T!he  ohfervations  of  ecHpfes  cannot  be  depended  upon 
for  determimng  with  fufficient  accuracy  the  diference  of  longi^ 
tude  in  vicinal ftuations. 

Finally,  with  regard  to  differences  of  longitude,  it  may  not 
be  improper  in  this  place  to  remark,  that,  in  vicinal  fituations, 
fuch  as  Greenwich  and  Paris,  the  cclipfqs  of  the  iun  and 
moon  and  Jupiter's  fateUites  do  not,  in  general  ^^  give  refults 

*  The  refult  deduced  by  the  Profeffor  Piazzi,  of  the  Univerfity  of  Palermo, 
from  the  obfervations  of  the  eclipfe  of  the  fun  on  the  3d  of  June,  1788,  made 
at  Greenwich,  in  company  with  Dr.  Maskelyne  and  M,  b'Arqjjier,  as  given 
in  the  Phil.  Tranf,  for  1789,  p.  58*  is  an  exception  well  worthy  of  notice 
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fufficiently  near  the  truth  to  deferve  even  the  name  of  an  ap- 
proximation. This  will  inconteftably  appear  by  comparing 
the  aftronomical  refult  produced  in  that  way  with  ours  ob« 
tained  by  adual  meafurement  on  the  furface  of  the  earth,  and 
angular  obfervations  of  the  pole-ftar.  Thus,  by  taking  a 
mean  of  a  multitude  of  the  beft  of  thefe  obfervations  of 
eclipfes,  &c.  collefted  and  corre£led  with  great  care  for  the 
purpofe,  the  difference  in  time  between  Greenwich  and  Paris; 
amotmts  to  9^  jo^^'i  *,  inftead  of  being  only  9^  19^^  nearly, 
which  our  operation  makes  it*  Now,  if  the  difference  in  time 
between  thefe  two  Royal  Obfervatories  was  really  fomuch,  the 
degree  of  a  great  circle  perpendicular  to  the  meridian  in  thefe 
latitudes  (51^  6^  50'^  that  of  Goudhurft,  or  51''  1'  48'^  that  of 
the  point  M,  it  matters  little  which  of  the  two  is  taken) 
would  be  between  1200  and  1300  fathoms  ihorter  than  the 
degree  of  the  meridian  in  the  fame  latitudes.  Hence  the 
earth,  inftead  of  being  an  oblate  fpheroid  confiderably  flat- 
tened at  the  poles,  would  be  one  extremely  prolate,  in  propor- 
tion with  regard  to  the  former  figure  of  more  than  three  to 
one,  or  between  1200  and  1300  — to  about  400+- 

In  remote  fituations,  fuch  as  Europe  and  America,  Europe 
aftd  the  eaftern  parts  of  Afia,  feparated  from  each  other  by 
wide  oceans,  the  differences  of  longitude  can  only  be  obtained 
by  means  of  aftronomical  obfervations.  And  as  thefe  will 
always  be  liable  to  fome  error,  which  may  be  as  great  on  a 
difference  of  one  or  two,  or  a  few  degrees,  as  on  the  whole 
180°,  it  is  fufficiently  obvious  that,  to  render  the  effed  of  fuch 

^  From  Dr.  Maskelyne's  Paper  of  1787,  Fhil.  Tratif.  p.  183..  it  appears^ 
that  the  eclipfes  of  the  ift  fatellite  of  Jupiter  give  immediately  for  the  difference 
of  meridians  of  the  two  Obi';;rvatories  9'  30"!;  without  being  combined  with 
obfervatioas  made  in  other  parts  of  Paris. 
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error:  as  fmall  as  poffible,  occultations  of  fixed  flars  fhould  only 
be  made  ufe  of,  for  obtaining  conclufive  determinations. 

In  vicinal  fituations,  the  next  beft  mo^e  to  angular  mea- 
furement  is  no  doubt  that  of  marking,  by  means  of  well- 
regulated  clocks,  as  was  done  in  the  South  of  France,  the 
repeated  inftantaneous  explofion  of  light,  obferved  at  ftations  as 
far  diftant  to  the  eaftward  and  weftward  of  the  place  of  explo- 
fion  as  the  circumftances  will  permit  in  practice,  thefe  diftances 
having  been  for  the  purpofe  accurately  fettled  by  trigonome- 
trical operation.  The  preferable  ftations  for  experiments  of 
this  fort  will  be  pointed  out  in  the  conclufion  to  the  prefent 
Memoir* 
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Table  containing  the  General  Results  oj 


Stations* 


Weft  from 
Greenwich  i 


I 


Eaft  from 
Greenwich 


Greenwich  R.  Ob.  Tranfit  Room 
Norwood  -,  *  ^ 

Hundred  Acres 
Hanger  Hill  Tower 
Hampton  Poor-houfe 
King's  Arbour  -  -  • 

St.  Ann's  Hill        «  -  . 

Wardrobe  Tower  of  Windfor  Caftle 

Rotley  Hill 

Severndroog  Caftle  on  Shooter's  Hill      * 

Frant  -         _       • 

Wrotham  Hill         •  -  - 

Goudhurft  •  •  » 

Fairlight  Down  -  .  * 

Hollingborn  Hill 

Tenterderi  - 

Ruckinge  -         -        -        *         • 

Lydd 

AUington  Knoll 

High  Nook  near  Dymchurch 

Padlefworth  .  ^ 

Swingfield  •  -  - 

Folkftone.  Turnpike 

Dover  Caftle,  north  Turret  of  the  Keep 

Montlambert  near  Boulogne 

Biancnez  -  tr 

N.  D.  at  Calais  -         ""  - 

Point  M  near  Dunkirk,  Merid.  R.  Ob.  Paris 

Dunkirk  -  - 


By  Plane  Trigonom< 


Diftances  in  Feet. 


from  the-Mcrid, 
of  Greenwich. 


19306.54 

43333-9 
67740,69 

83086.16 

102264.55 

119404.04 

137050.54 


171.6 
14032.3 
62342.5 

71850.3 
106342.5 
143308. 1 
151078.1 
158317.6 
204801.6 

209339-3 
219926.3 

228246*4 

261707.& 

273722.7 

274967,3 

303766,8 

382889,6^ 

394891.7 

427456.6 

538048.2 

547058.1 


from  the  Perp. 
to  the  Merid. 


24603.86 

50957-9 

16729.21 

18537.98 

1037,69 
28852.77 

2562.72 


72882.5 

4069.8 

138460.4 

59305*8 
132592. 
218611.6 

77077.6 
148567. 
149410.3 
190695.6 
144032.3 
165672.9 
130836,4 
u873a9 
137214.2 
124319.1 

273+50*3 
1971535 
184263.3 

154938'a 
^525491 
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Bearing  or 

Direa  Dili. 

sfrom 
Greenwich. 

Latitude* 

Longitude. 

Vertical  Heights. 

ngle  with  the 
Meridian. 

in  Degrees,  &c. 

in  Time. 

Ground 
above  the  Sea, 

Telefcope 
above  Ground. 

Total. 

0     /  // 

Feet. 

0    /    // 

0    /    // 

m.      s.  th. 

,  !•  eet. 

Feet. 

Feet. 

•     •     • 

•     • 

•         •         ■ 

51.28.40 

170.5 

43-5 

^'+      ■ 

8.  7.16 

SW 

31274.48 

51.24.37.34 

0.  5.  2.4 

0.20.  9.6 

380,3  . 

9.2 

389-5 

0.23.18.5 

sw 

66876.73 

51.20.17.3 

0.11.19.5 

0.45.18. 

433-8 

a.2 

443 

6.  7  40. a 

NW 

69775,8 

5r.31.a4. 16 

0.1746.5 

I. II.  6. 

213. 

38; 

251 

7.25.20.3 

SW 

85129. I 

51-25-35-2 

0.21.45.3 

1.27.  1.2 

635 

37.5 

101 

9.25.  7.7 
6.24.55-7 

NW 

102269.8 

51.28.47.16 

0.26.48.5 

i.47-»4.„ 

94.8 

37-5 

132-3 

SW 

122840.6 

51.23.51.4 

0.31.14-7 

2.  4-58-8 

32i-3 

20.7 

342 

8.5543*5 

NW 

137074-5 

51.28.59.7 

0.35-5S-8 

2.23.43.2 

0.  8.  5.6 

SE 

72882.7 

51.16.41.54 

0.  0   2.7 

0.  0.10.8 

859.3 

20.7 

880 

3-49-34 

SE 

14610.58 

51.27.59.8 

0.  340-65 

0.14.42.6 

4.17.8 

64.2, 

482 

[4.14.23.6 

SE 

I51848.2 
93164.6 

s>-  5.53-9 

0.16.12.5 

I.  4.50. 

604. 1 

54-9 

659 

[0.27.48.5 

SE 

51.18.53.86 

0.19.12.3 

1. 16.49.2 

761.8 

9.2 

771 

[843.50.1 

SE 

169968.8 

51.  6.49.62 
SO.52.38.84 

0.27.39.45 

1.50.37.8 

437-9 

591 

497 

13.14.46.8 

SE 

261396.7 

0.37-  s- 

2.28.20. 

539-5  . 

5-5 

1^1 

12.58.12. 2 

SE 

169604.1 

5i.»5-5?.5 

0.39.25.2 

2.37.40.8 

611 

5-5 

616.5 

^6.49.  "-4 

SE 

217109.7 

51.  4.  8.15 

0.41.  8.15 

2.44.32.6 

220.6 

101.7 

322.3 

i3-53-l^-3 

SE 

253509.6 

5'-  3-549 

0.53.12.6 

3.32.50.4 

31-9 

5-5 
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S  E  C  Tl  ON     SEVENTH, 

An  Account  of  the  ob/ervatlons  made  during  the  cmrfe  of  th^ 
trigonometrical  operation  for  the  determination  of  terrejirial  r^- 

fraSiion,     Plate  X. 


Article  I.  Preamble. 

ASTRONOMICAL  refradlonj  or  tbxat  which  the  rays  of 
light  fufFer  in  paffing  from  the  heavenly  bodies  to  our  earth, 
hath,  by  theinvefligations  of  different  philofophers,  been  nearly 
afcertained.  From  the  theory  of  dioptrics,  as  well  as  expe- 
rience, it  hath  been  proved,  that  the  rays,  in  coming  from  a 
very  i|ire  into  a  very  denfe  medium,  are  gradually  bent  down- 
wards, out  of  their  redilinear  dlre(9:ion,  into  lines  more  or 
lefs  curved  in  proportion  to  the  angular  diftance  of  the  obje£ts 
from  the  zenith,  where  obliquity  ceafing,  refraction  ceafes 
likewife;  fince  from  that  point  light  takes  the  fhorteft  route 
through  the  refracting  medium  to  the  eye  of  the  obferver* 
Hence  it  follows,  that  the  apparent  altitudes  of  celeflial  ob- 
jeds  are  greater  than  they  otherwif^  would  be  by  the  quantity 
of  this  refraction,  which  is  greateft  at  the  horizon,  amounting 
there  to  33''* 

The  late  Dr.  Bradley  from  his  experience  has  fhewn,  that 
in  the  mean  ftate  of  the  barometer  taken  at  29.6  inches,  and 
of  Fahrenheit's  thermometer  at  50"",  the  refraCtion  at  45^ 
of  altitude  is  57''  (according  to  Dr.  Maskelyke  only  56^^!). 

VoL.LXXX.  Hh  In 
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In  other  ftates  of  the  atmofphere,  it  varies  v^^ith  the  height  of 
the  barometer,  and  inverfely  with  that  of  the  thermometer 
augmented  by  the  number  350  to  the  number  400. 

It  is  therefore  obvious,  that  terreftrial  objefts  as  wtM  as 
celeftial,  mufl  fuffer  a  refra£lion  greater  or  lefs,  according  as 
they  are  lefs  or  more  removed  from  the  horizon  ;  and  that  fup- 
poiing  celeftial  refraction  to  be  perfedly  afcertained,  the  mea- 
fure  of  the  lower  part  of  any  of  its  curves,  co-inciding  with 
a  particular  obje£!:  on  the  furfaceof  the  earthy  fhould  give  th^ 
quantity  by  which  the  apparent  altitude  of  that  objed  would 
exceed  its  real  altitude^  or  what  would  be  its  angle  of  eleva- 
tion, if  no  fuch  efFed  as  refradion  did  exift  in  nature. 

The  ioftrument  made  ufe  of  in  the  triangular  operation  was 
extremely  well  calculated;  as  wiH    be   remembered   from  .  its 
defcription,  for  meafuring  with  much  exadnefs  fmall  angles  of 
elevation  or  depreffion,  and  confequently  was  in   that  refped 
very  fit  for  the  purpofe,  if  the  multiphcity  of  other  bufinefs 
we  had  on  our  hands  at  the  time  had  permitted   refradtlon  to 
become  a  primary,  inftead  of  being  only  a   fecondary  objedr. 
This  will  readily  be  conceived  by  thofe  who  have  any  idea  of 
the  trouble  of  conduding,  efpecially  at  a  late   feafon   of  the 
year,  an   operation  of  the  nature  of  that  in  which  we  were 
engaged     Along  with  the  lights  on   the  French  fide  of  the 
Channel,  we  had  by  day  as  well  as  by  night  our  own  inland 
obfervations  to  attend  to;  the  very  circulation  of  orders   to  the 
men  polled  at  the  different  liations  from   twelve   to  fifteen    or 
twenty  miles  off,  in   different  direaions  around   the   horizon, 
when  any  part  of  the  arrangements  failed,  fo  as  to  render  a 
repetition    of  lights   neceffary,    was  not   a  matter   of  fmall 
detaiL 

^  But 
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But  befide^  the  important  bufinefs  of  the  triangles,  which 
engrofledaknofl:  our  whole  attention,  it  is  fufficiently  obvious, 
that,  in  order  to  have  been  enabled  to  make  conclufive  obferva- 
tions,  the  relative  heights  of  the  Nations  (hould  in  ftridlnefs 
all  have  been  afcertained  by  levelling  :  for  purpofes  of  this  fort 
geometrical  determinations,  however  good  in  other  refpefts 
they  may  be,  fhould  not  here  be  admitted,  becaufe  they  in- 
volve the  very  point  in  queftion,  that  is,  the  height,  which 
Ihould  be  obtained  independently  of  angular  meafurement, 
Befides  barometers  and  thermometers  at  both  flations,  two  ob» 
fervers  and  two  inftruments  of  the  fame  kind  would  have  been 
neceffary,  for  taking  at  the  fame  inftant  the  reciprocal  angle  of 
elevation  and  d^pVeffion*. 

Although,  therefore,  in  our  fituation  the  circumftances  did 
not  admit  of  conclufive  obfervations  on  terreftrial  refraction, 
confidered  either  by  the  mean  or  its  extremes ;  neverthelefs, 
lincein  a  variety  of  cafes  angles  both  of  elevation  and  depref- 
fion  were  reciprocally  obtained  at  the  fame  ftations,  but  at  dif- 
ferent times,  it  is  hoped,  fuch  new  light  will  be  thrown  on  the 

*  Dr.  Maskelyne,  in  a  letter  that  I  lately  received  from  him,  remarks,  that  it 
would  be  of  ufe  to  have  a  perfon  to  note  the  thermometer  at  the  obje6t  as  well  as  at 
the  ftation  of  the  obferver,  whereby  (if  niceties  of  this  fort  were  of  confequence) 
the  refradion  might  be  more  accurately  computed  by  the  application  of  a  xiqw  cor- 

reaion.     Thus,  calling  rzz—zz-^^ih  of  the  arc  of  diilance;  /?n the  height  of 

10 

the   uniform    atmofpherc;   /  zr  the   difference   of  the  thermometers  at  the   two 

stations  ;  Arnthe  difference  of  altitude  of  the  two  flations  above  a  common  level ; 

the  corretlion  would  then  be zi-I —  ;   and   the  true  or  whole  refratflion  would 
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matter  as  may  poffibly  hereafter  lead  to  further  iiiveftigations 
of  this  curious^  but  at  prefent  vague  and  indetermmcd  fubjed : 
for  from  thefe  obfervations  it  will  appear,  that  terreftrial  re- 
fra£tion,  inftead  of  being  -ith  of  the  comprehended  arc,  accord- 
ing to  M.  BouGUER,  -j-Vth  according  to  Dr.  Maskelyne, 
/^th  according  to  M.  Lambert,  varies  from  |  to  ^\-th  part 
of  that  arc;  and  perhaps,  if  it  had  been  poffible  for  us  to  have 
tried  it  on  heights  confiderably  more  elevated,  we  fliould  have 
found  it  aimoft  wholly  to  vanifh. 

Art.  IL  Relative  heights. 

Before  we  proceed  to  give  any  account  of  the  obferved  angles 
of  elevation  or  depreffion,  at  the  flations  reciprocally,  for  try- 
ing the  quantity  of  terreftrial  refraOiion,  it  will  be  proper  to 
call  to  remembrance,  that,  in  the  meafurement  of  the  bafe  on 
Hounflow  Heath,  the  mouth  of  the  pipe  at  Hampton  Poor- 
houfe  was  (hewn  to  be  elevated  about  60  feet  above  low-water 
fpring  tides  at  the  fea,  as  far  as  could  then  be  determined  by 
referring  it  to  the  furface  of  high  water  at  Ifleworth  ;  and  that 
the  extremity  of  the  bafe  near  King's  Arbour  was  found  by 
levelling  to  be  higher  than  the  former  end  by  31  feet  3  inches. 
The  mouth  of  the  pipe  at  the  fouth-eaft  end  of  the  bafe  of 
verification  at  High  Nook  near  Dymchurch,  inRomney  Marfh, 
Lieut.  FiBDES  found  by  levelling  to  be  abave  low-water  mark 
at  fpring  tides  22.1  feet. 

The  top  of  the  parapet  of  the  north  turret  of  the  Keep  of 
Dover  Caftle  was  found  by  Lieut.  Hay,  of  the  Royal  Engi- 
neers (by  levelling  from  the  top  of  the  clifF  at  Queen  Eliza- 
beth's gun  downwards,  jand  adding  to  that  the  height  of  the 
7  gro^i^d 
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groutid  and  Caftle  above  the  faid  gun)  to  be  465.8  ^  feet  above 
low  water  at  fp ring  tides.  Having  alfo  meafured  a  bafe  for  the 
purpofe,  he  determined  the  height  of  the  cliff  geometrically, 
which  agreed  within  lefs  than  a  foot  of  the  refult  by  levelling. 
In  juftice  to  this  very  meritorious  Officer  it  is  incumbent  on  me 
to  lay,  that  not  only  on  this  occafion,  but  on  every  other  during 
the  progrefs  of  our  operations  near  Dover,  his  afliftance  w^as 
moft  eflentially  ufeful. 

The  height  of  the  ball  of  St.  Paurs  above  the  Thames  at 
PauFs  Wharf,  and  the  height  of  Shooter's  Hill  Jnn  above  the 
Gun  Wharf  in  Woolwich  Warren,  were  feverally  determined 
in  1773?  ^^  which  time  the  experiments  were  carrying  on  for 
the  purpofe  of  finding  a  theory  for  the  meafurement  of  alti- 
tudes by  the  barometer. 

The  height  of  Severndroog  Caftle,  lately  built  on  Shooter's 
Hill,  has  iince  been  deduced  from  that  of  the  Inn. 

Laftly,  the  altitudes  of  all  the  intermediate  fl:ations,  as 
expreffed  in  the  three  colums  towards  the  right  hand  of  the 
general  table  of  refults,  placed  at  the  end  of  the  preceding 
feftion,  have  been  eftabliflied  by  the  reciprocal  angles  of  eleva- 
tion or  depreffion,  gradually  carried  on  from  ftation  to  ftation, 
throughout  the  whole  feries  of  triangles,  whereby  the  two 
extremities  are  conneded  together ;  and  no  greater  uncertainty 
has  been  found  at  Hampton  Poor- houfe  than  a  few  feet,  occa- 
fioned  no  doubt  by  the  uncertainty  of  terreftrial  refradion  :  for  it 
is  to  be  remarked,  that,  to  the  weftward  of  Greenwich,  no  double 
but   only  fingle  obfervations   were  obtained;    wherefore,  the 

^  Sir  Thomas  Hyde  Page,  when  engineer  at  Dover,  at  my  requefl,  had  been 
fo  obliging  as  to  order  his  workmen  (he  himfelf  being  ill  at  the  time)  to  deter-, 
mine  the  height  of  the  turret  of  the  Keep,  which,  by  a  miftake  of  about  nine 
feet  in  the  height  of  the  cliif,  they  made  475  feet  above  low-water  mark. 

rela- 
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relative  heights  of  thefe  ftations  have  been  determined  by  takhig 
.,',,th  of  the  arc  of  diftance  for  the  effed  of  terreftrial 
refra6:ion. 

Art,  hi.  General  Theorem. 

Let  C  (Plate  X*  fig.  11.)  be  the  center  of  the  earth  conii- 
dered  as  a  fphere ;  Sj  the  furface  ;  Wh  two  places  at  the  fame 
height  above  the  furface ;  HO  the  horizontal  line,  or  apparent 
level  at  the  place  H;  and  -6^:?  the  horizontal  line,  or  apparent 
level  at  the  place  i6;  alfo,  let  Cm  bife£t  the  angle  at  C. 

Then,  becaufe  the  angles  mHC^  and  mn¥i  are  right 
ones,  the  angle  m¥in^  or  mhn^  is  equal  to  the  angle  mCH 
or  mChi  that  is  to  fay,  if  tw^o  places  H,  ^,  are  of  equal 
heights,  the  one  as  feen  from  the  other  is  deprelTed  below  the 
horizontal  line  of  the  place  of  obfervation,  by  an  angle  equal 
to  half  of  the  arc  of  the  great  circle  contained  between  them, 
or  half  the  angle  at  C.  Hence  it  follows,  that  ^ny  diftant 
obje£l  is  higher  or  lower  than  the  place  of  obfervation,  accord- 
ing as  the  depreffion  is  lefs  or  greater  than  half  the  contained 
arc,  fuppofing  no  fuch  efFedt  as  refradion  to  exift  in  nature. 

Art.  IV.  Determination  of  the  refraSiion  between  Dover  Cajile 
and  Folkjione  Turnpike. 

Let  D  (fig.  12  )  be  the  place  of  the  axis  of  the  telefcope  on 
the  north  turret  of  the  Keep  in^ Dover  Callie  ;  T  the  ground  at 
the  ftation  near  Folkftone  Turnpike ;  DO  the  horizontal  line; 
-and  SL=CD. 

The  dlftance  of  the  ftations  is  31554.6  feet,  which,  taking 
the  obliquity  of  the  diredion  into  confideration,  gives  6ri88 
fathoms  =  x"";  and  confequently  5^  9^^4  for  the  length  of  the 

contained 
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contained  arc  of  diftance  nearly,  one-half  of  which,  or  %^  34^^?, 
is  equal  to  the  angle  ODL. 

At  the  ftation  D,  the  ground  at  T  was,  by  obfervation, 
elevated  %^  ^^^  equal  to  the  angle  TDO,  to  which  adding 
ODL:=2^  34^''.7,  we  have  for  the  angle TDL  ii^  ii^\y. 

Now,  If  the  diftance  of  the  flations  be  taken  as  radius,  the 
lines  TO,  TL,  &c.  will  be  nearly  as  the  tangents  of  their  op- 
pofite  angles;  therefore  the  angle  TDL,  with  the  diftance 
3^554'^  give  TL=  102.7  feet,  or  what  the  ground  at  the  Na- 
tion T  would  have  been  higher  than  the  axis  of  the  telefcope 
at  D,  if  there  had  been  no  refradion. 

But  the  axis  of  the  telefcope,  when  at  the  ftation  T,  was 
5.5  feet  above  the  ground;  therefore  102.7 +  5.5  =:  rc8.2  ^^^^ 
would  be  the  height  of  the  axis  at  T  above  the  axis  at  D- 

Now,  let  T  (fig.  12.)  be  the  place  of  the  axis  of  the  tele- 
fcope, when  the  inftrument  ftood  at  Folkftone  Turnpike ;  D 
the  top  of  the  parapet  of  the  north  turret  in  the  Keep  of  Do- 
ver Caftle  ;  TO  the  horizontal  line  ;  and  CL=  ST. 

At  the  ffation  T,  the  parapet  of  the  turret  was  by  obferva- 
tion deprefled  14^  ly^-.s  =  OTD,  from  which  fubtrafting  half 
the  arc  of  diftance  2^  24:^^*79  there  remains  for  the  angle  LTD 
11^  42^^8.  This  laft  angle,  with  the  former  known  diftance, 
give  LD=  107.5  feet,  or  what  the  parapet  was  lower  than  the 
axis  at  T,  if  there  had  been  no  refradion. 

But  the  axis  of  the  telefcope  when  at  D  was  3^.2  feet  above 
the  parapet;  hence  107.5  —3.2=  104.3  ^^  what  the  axis  at  D 
would  be  lower  than  the  axis  at  T. 

In  this  cafe  it  is  evident,  that  half  the  fum  of  108.2  and 
104.3,  ^^  106.25  feet,  is  the  difference  of  the  relative  heights 
of  the  axis  at  the  two  ftations  by  a  mean  refradion  ;  and  that 
this  mean  refradion  is  fubtended  by  half  the   difference,  or 

io8«.2. 


2  40  Gen.  Roy *s  Account  of 

l£!±Zi2±l— 1.95  feet/   Hence,  as  the   dlftance r: 31 554*6  ^ 

rad  ::  1.95  •  tang.  I2''^8the  mean  refradion. 

For  fuppofe  /  (fig.  12.)  to  be  the  true  place  of  the  ground^ 
then  the  elevation  TDO  -  the  refraftion  =:  TD/,  or  8'  37'^- 
12^^8  =  8'  24'^2r:the  angle  ^DO;  therefore /DO  +  ODL - 
10'' 58^^,9  =  /DL;  whence  /L— ioo,8  feet,  to  which  adding 
5.5  feet,  the  height  of  the  axis  above  the  ground,  we  have  106.3 
feet,  the  height  of  the  axis  at  T  above  the  axis  at  D  as  before. 

Alfo,  if  ^  (fig.  13.)  be  the  true  place  of  the  parapet,  we  fhall 
have  the  depreffion  +  the  refraftion,  or  OTD  +  PTr/=a  01V=^  1 4^ 
30^''.3,  and  OT/^OTL,  or  14^  3o'^3  -^2^  34^^;^^!''  55^6 
=  the  angle  LTV.  Hence,  L^=s  109*5  feet  is  what  the  para- 
pet of  the  turret  would  be  lower  than  the  axis  at  T,  from 
which  taking  3.2  feet,  the  height  of  the  axis  above  the  para- 
pet, there  remains,  as  before,  106.3  feet^  for  the  difference  of 
the  heights  of  the  two  ftations. 

The  axis  of  the  telefcope  in  Dover  Caftie  being  Feet. 

above  low- water  fpring  tides  «  .  469^ 

To    this    add    the   height    of    the  axis  at   the 
turnpike  above  that  at  Dover  .»  •  106.3 

We  then  have,  for  the  height  of  the  axis  at  the 
turnpike  above  low  water,  nearlj  ^  •  575-3 

And  ^'  ()^\^  the  contained  arc  of  a  great  circle  or  arc  of 
diftance  being  divided  by  i2''''.8,  the  mean  refraftion  at  the  two 
ftations,  w^e  have  in  this  inftance  about  J-~th  part  for  the  quafi" 
thy  of  terrejirial  refradlion^ 


Art, 
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Art,  V»  RefraBion  on  the  dijlance  between  Dover  Cajile  and 

Calais. 

Let  D  (fig%  14,)  be  the  place  of  the  axis  of  the  telefcope^ 
on  the  north  turret  of  the  Keep  iii  Dover  Caftle,  as  before  1 
G  the  top  of  the  great  baluftrade  of  thelleeple  of  Notre  Dame 
Church  at  Calais ;  DO  the  horizontal  Tine ;  and  GL=:  SD. 

The  diftance  of  Dover  from  Calais  by  the  triangles  is 
137450  feet,  which,  allowing  61 169  fathoms  for  a  degree, 
gives  22^  28''''. 2  for  the  length  of  the  contained  arc  nearly  j 
half  of  which  11^  i4f\i  is  equal  to  the  angle  ODL. 

The  height  of  D  above  low  water  at  fpring  tides, 
as  before,  is  .  «  •  .         469  feet* 

The  height  of  G  is  •  *         ^  140.5 

Therefore  the  difference  is  •  *         328.5  =  GL, 

Then,  as  137450  :  rad  ::  328.5  :  tang.  8   i3  =  LDG. 

To  which  adding  the  angle  ODL         .  1    =  £  r    14.  i 

We  have  •  •  ♦  .      19  27.  i  for  the 

angle  ODG,  or  what  G  would  be  deprefled  below  the  place  of 
obfervation,  if  there  was  no  fuch  efFeft  as  refradion.  But  the 
depreffion  by  obfervation  was  found  to  be  if  $9^^  I  wherefore 
the  difference  is  l^  28^^!,  by  which,  dividing  the  length  of 
the  arc  of  diftance  22^.  28^'^.25  w^  ^^'^^  i^  i^^^  injiance  i  5.3,  or 
between  -2^th  and  4^th  part ^  for  the  quantity^  of  terrejlrial 
refraSlion. 

Art,  VI.  RefraSiion  on  the  dijlance  between  Allington  Knoll  and 

Center  den. 

Let  K  (fig.  15.)  he  the  place  of  the  axis  of  the  telefcope  at 
Allington   Knoll;  T  the  top  of  the  flag«ftafF  on   Tenterden 

y  OL.  LXXX.  I  i  Steeple ; 
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Steeple;  SC  the  earth's  furface;  KO  the  homontal  Ime  at 

right  angles  to  KC;  arid-'SL'=CK, 

The  diftance  between  Allingtoii  Knoll  and  Tenterden  has  by 
the  triaiigies  been  found  to  be  61775,3  feet?  which,  allowing 
61234  fathoms :=2 1 ^  gives  10^  ^^.^  for  the  length  of  the  con- 
tained arc  CS  nearly*  Half  of  this  arc  =  5^  %'\6  is  tht  angle 
OKL,  from  %¥hich  fubtrafting  the  obferved  angle  of  depreffion 
of  T  as  feen  from  K  r:  OKT  =5: 3''  ^V^^  there  remains  the  angle 
TKL^:::!^  ii^^^6,  and  confequently  this  angle  will  be  fub- 
tended  by  21.4  feetir  LT9  or  what  the  top  of  the  flag«ftaff  at 
Tenterden  wonld  have  beer^  higher  than  the  axis  of  the  tele- 
fcope  at  the  Rnoll^  if  there  had  been  no  refraction. 

But  the  top  of  the  flag^ftaff  on  Tenterden  fteeple  was  3.1 
feet  higher  than  the  axis  of  the  telefcope  when  the  inftrument 
flood  at  that  ftation  ;  therefore^  21.4  — 3.1  «  18.3  is  what  the 
axis  at  Tenterden  would  have  been  higher  than  the  axis  at  the 
KnoUf  if  there  had  been  no  refraftion. 

Again,  let  T  (fig.  1 6.)  be  the  place  of  the  axis  of  the  tele- 
fcope on  Tenterden  Steeple ;  K  the  ground  at  the  flation  on 
Allington  Knoll ;  TO  the  horizontal  line;  and  CL=::ST. 

At  the  ftation  T,  the  depreffion  of  the  ground  at  K,  or  the 
angle  OTK,  was  obferved  3^  ^^\  which  being  fubtraaed  from 
^'  a'^^d  =  OTL  =  half  the  arc  of  diftance,  there  remains 
1^  27^^.6  =  the  angle  KTL.  This  Mangle,  with  the  diftance 
between  the  ftations,  61775,3  feet,  give  KL=26.3  feet,  for 
what  the  ground  at  K  would  have  been  higher  than  the  axis  at 
Tenterden,  if  there  had  been  no  refradion. 

But  the  axis  of  the  telefcope,  when  at  the  flation  K, 
was  5.5  feet  above  the  ground;  therefore,  26*3  +  5.5  =  3i  J  is 
what  the  axis  at  the  KnoU  would  be  higher  than  the  axis  at 
Tenterden. 

J  Hence 
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Hence  it  follows 5  that  fuppofing  the  refra£lion  to  have  been 

the  fame  at  each  of  the  flatidns  wlieia  the  obfervations  were 

rnade^  half  the  difference  of  thefa  heightSj  of  — --^^-i^  ==:  6.j 

feetj  would  be  the  dhTerence  between  the  relative  heights  of 

the  axis  at  the  two  itations;.  and  that  the  quantity  of  refrac- 

tian  would  be  fubtended  by  half  the  fum,  or  iil^iilSrr  25.05 

feeti  tkerelbre^v  to  find  the  mean  refraflion^  as  the  diftance  of 
the  ftations  :  rad,  v.  25.05  feet  :  tang,  i^  2j^^|  the  mean 
refra£lion. 

For  fuppofing  /  (%•  15.)  to  be  tha  true  place  of  the  top  of 
tfieflag-ftaffi  we  ffiall  then  have  the  angle  GKT  the  deprelEon 
+  the  angle  TK/  the  refradion,  or  3^  5 1"''  +  1'  23^^!  =r  5^  i4^'| 
trthe  angle  OK/.  Hence  the  angle  OKT  — the  angle  OKLr: 
5^  i^^'l-^  5''  2^^. 6  =  o^  1 1'\^  =i  the  angle  VLt.  Now^  this  laft: 
angle,  with  the  diftance  of  the  ftations  61 775,3,  give  Lf— 3.6 
ftct^  or  what  the  top  of  the  flag-ftaff  at  Tenterden  would  be  lower 
than  the  axis  at  the  Knoll;  and  this  being  added  to  3.1  feet 
(what  the  axis  at  Tenterden  was  lower  than  the  top  of  the 
flag-ftaff),  we  get,  as  before,  6.7  feet  for  the  height  of  the 
axis  at  the  Knoll  above  the  axis  at  Tenterden. 

In  like  manner,  fuppoiing/^  (fig.  16)  to  be  the  place  of  the 
ground  at  the  Knoll,  we  have  the  fum  of  the  depreffion  and 
refraaion,  or  OTK  +  KTi=3^  35''+i'  23^^1  =  4'  58''!  = 
OTi;  and  OTL-OT>^-5''  2'^6^4'  58^^1=0^  4^\i=:the 
angle  kTlL.  Hence,  i^/=  1.2  feet  is  the  height  of  the  ground 
at  the  Knoll  above  the  axis  at  Tenterden,  which  being  added 
to  ^.^  feet  the  height  of  the  axis  at  the  Knoll  above  the 
ground,  we  have  as  before  6.7  feet  for  the  difference  of  the 
heights. 

I  i  %  The 
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Feet, 


The  height  of  the  axis  of  the  te|efcope  at  Alllngton 
Knoll  above  low-water  mark  at  fpring  tides,  as  deter- 
mined by  the  obfervations  there,  and  at  the  ftatlon  of 

High  Nook,  is  •  .  .  «  329 

The  axis  on  Tenterden  Steeple  has  been  fhewn  to  be 
lower  than  the  Knoll  »  •  •         •  6.7 


Therefore,  the  axis  on  Tenterden  Steeple  is  higher 

than  low  water  .  •  * 


322,3 


The  arc  of  dlftance  of  the  two  ftationsas  10^  j'^^j  being 
divided  by  i""  23^^!  the  mean  refraction,  we  have  in  this  cafe 
Y%7  ^^'  between  lih  and  \th  part  for  terrefrial  refraSiion. 

The  example  in  Art.  IV.  and  this  laft  are  given  at  large, 
becaiife,  if  the  points  where  the  axis  of  the  telefcope  was  at  the 
refpedive  ftations  had  been  obferved,  in  the  firft,  one  would 
have  been  a  depreffion,  and  the  other  an  elevation ;  but  in  this 
both  would  have  been  depreffed  by  obfervation. 

Art.  VII.  Geherai  Remarks. 

The  three  preceding  examples  being  fufficlent  to  ihew  the 
mode  that  has  been  invariably  adhered  to  in  computing  the 
efFed  of  terreftrlal  refradion,  we  have,  in  the  following  table^ 
collected  the  whole  of  the  refults  together,  beginning  with 
thofe  diftances  where  it  has  been  found  the  greatefl,  and  ending 
with'  thefe  where  it  has  been  found  the  leaft. 

The  titles  at  the  tops  of  the  columns  refpeclively  fully  ex- 
plain the  nature  of  the  table,  which  contains  more  double  ob- 
fervations, made  on  a  greater  variety  of  very  accurate  dlftances, 
and  with  a  better  inflrument  for  determining  fmall  angles  of 
elevation  and  deprejSion,  than  perhaps  were  ever  obtained  be« 

fore. 
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fore«  Thefe  refults  are  not  however  offered  as  being  free  from 
error  ;  on  the  contraryj  if  the  circumftances  had  permitted  this 
to  become  a  principal  obje£l:  in  our  operation ,  the  fiicceffive 
repetition  of  the  dbfervations  for  many  time's  m^onld,  no  doubt, 
have  furniflhed  ftili  more  fatisfadory  conclufions.  It  is  hoped, 
neverthelefs,  that  thefe,  fuch  as  they  are,  may  have  their  ufe, 
were  it  only  by  fhevring  the  variablenefs  of  terreftrial  refrac- 
tion, to  induce  to  the  making  of  others,  which,  as  has  been 
already  obferved,  would  ultimately  lead  to  a  much  more  mi- 
nute inveftigation  of  this  curious  and  interefting  fubje£l:. 

The  heights  of  the  barometer  and  thermometer  are  inferted 
on  the  days  on  which  the  obferv^tions  were  made,  merely  to 
fhew  what  was  nearly  the  ftate  of  the  atmofphere  at  the  refpec- 
tive  times.  But  we  have  not  attempted  to  apply  any  correction 
on  that  account,  becaufe  it  could  not  be  done  in  a  fatisfa£lory 
manner,  and  confequently  could  not  be  ufeful,  unlefs  the  cir- 
cumftances had  permitted  reciprocal  obfervations  to  have  been 
made  at  correfponding  times  with  double  fets  of  inftruments, 
which  in  our  fituation  was  impoffible* 

By  attending  to  the  refults  in  the  table,  it  will  in  general  be 
feen,  that  terreftrial  as  well  as  celeftial  refra£tion  certainly  di- 
minifties  as  the  heights  of  the  ftations  above  the  fea  increafe; 
and  thatt  at  particular  times  at  leaft,  it  is  much  greater  than 
has  hitherto  been  fuppofed,  even  to  between  |  and  f  part  of 
the  arc  of  diftance,  inftead  of  being  only  4th  or  ^l^-th  parr. 
Belides  the  inftance  of  this  extraordinary  efFe£t  inferted  in  the 
table,  between  Allington  Knoll  and  Ruckinge,  %vhere  the  dif- 
tance of  the  ftations  is  but  fmall,  and  one  of  them  little 
higher  than  the  fea,  we  could  have  given  another  on  a  diftance 
as  well  as  on  heights  ftill  more  confiderable,  namely.  Shooter's 
Hill  and  the  ball  of  St,  PauFs  Church :  for,  fuppofing  the 
%  firft'. 
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firft  to  be  482,  and  the  laft  403  feet,  above  low  Water  at  the 
fea,  the  refraftioii  00  the  morning  of  the  ift  of  September, 
1787^  as  obferved  at  Shooter's  Hill,  was  i'' 47^"^,  which  is  be* 
tween  f  d  and  |th  part  of  the  contained  arc. 

If  the  circumftances  had  permitted  the  refra£lion  on  the 
diftancc  between  Dover  and  Calais  to  have  been  repeatedly 
tried,  at  the  bottom  of  the  cliff,  at  the  top  of  the  cliff,  and 
again  at  the  top  of  the  caftle,  we  fhould  probably  have  found 
the  refraftion  at  the  three  ftations  coniiderably  different,  wkh 
the  fame  length  of  arc,  or  one  only  varying  infenfibly. 

But,  in  order  to  be  enabled  to  make  conclufive  obfervatiohs 
of  this  fort,  the  operation  ihould  become  a  diftinft  one,  or  at 
moft  only  comprehend  fuch  others  as  are  connected  with  the 
modifications  of  the  atmofphere.  For  purpofes  of  this  kind 
very  fine  levels  would  be  requifite ;  and  fome  of  the  higheft 
mountains  of  Scotland,  fituated  near  the  fea,  fuch  as  Ben 
Nevis  and  Cnmchan  Ben^  where  the  relative  heights  of  the 
ftations  might  be  accurately  afcertained  by  levelling,  would 
feem  to  be  eligible  fituations* 


Table 


Table  containing  the  Results  of  the  Observations  for  the  Ef 


Dates  of  the 
Obiervations. 


1787,  oa.  21. 

19 

21. 

19. 

21. 

26. 

7- 

1788,  Aug,  18. 

1787,  Sept.  28. 

oa.  7. 

26. 
26. 

1788,  Aug.  n. 

18. 

1787,  oa.  13. 

1788,  Aug,  II, 

1787,  oa,  26. 
21. 

Sept.  28. 
1788,  Sept.  2. 


Places. 


Allington  Knoll 
Ruckinge 

Dymchurch  Inn 

Allington  Knoll 
Dymchurch  Inn 
Allington  Knoll 
Tenterden  Inn 

Padlefworth 

Frant  Inn        -       - 
Botley  Hill         -      - 
Dover  Caftle 
Padlefworth        -    - 
Fairiight  Dowrl 
Tenterden  Inn 

Tenterden  Inn 

Goudhurft  Churchyard 
Frant  Inn 

Fairiight  Down 

Goudhurft  Churchyard 
Tenterden  Inn 

Allington  Knoll 

Dover  Caflle      -      - 
Folkftone  Turnpike 


Bar. 


Therm. 


29.61 

29.82 

29.9 

29.61 

299 

29.61 

29-54 

29.6 

29.36 
28.89 
29.62 

29  6 
28.81 

29-54 

29-54 
29.74 
29.36 

28.81 

29.74 
29-54 
29.61 

29.62 
29-55 


56 

51I 

55i 

5^ 
552 

5^ 

56i 

70 

58 

62! 

58§ 

70 

552 

56I 

SH 

sH 
58 

55f 
SH 

sH 
56 

58i 
64 


Stations, 


I  Allington  Knoll  and  Ruckinge    —      — 

High  Nook  and  Lydd  —  — 

I  Allington  Knoll  and  High  Nook        — 
\  Allington  Knoll  and  Tenterden     ■ —    — 

Padlefworth  and  Lydd    —  — 

I  Frant  and  Botley  Hill         —         — 
j-  Dover  Gallic  and  Padlefworth  -— 

I  Fairiight  Down  and  Tenterden         — 

Tenterden  and  Lydd         <—  — 

[  Goudhurft  and  Frant  *—  — - 

Fairiight  Down  and  Lydd  - — 

j  Goudhurft  and  Tenterden         —        — 

Allington  Knoll  and  Lydd         —         -— 
I  Dover  Caftle  and  Folkftone  Turnpike 


Results  of  Single  Observations    depending  on  the  Heights  of  Dover  Caflle    2 

Coaft  of  France. 


17885  Sept.  2. 
1.787,  Sept.  28. 
17S8,    Sept.    2. 


29-SS 

29.62 

29-55 


64 

64 


1  Folkftone  Turnpike  and  N.  D.  Church  at  Ca 
J  lais 

Dover  Caftle  and  N.  D,  Church  at  Calais 

I  Folkftone  Turnpike  and  Station  at  Montlam 
J  bert  —  —  — 
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le  Observations  for  the  Effect  of  Terrestrial  Refraction. 


Diftance     ■  C 


Stations, 


Height  of  the 
Telefcopeabove 
the  Sea  in  Feet, 


n  Knoll  and  Ruckinge    —      — 

ook  and  Lydd  —  — 

►n  Knoll  and  High  Nook        — 

»n  Knoll  and  Tenterden     ■ —    — 

orth  and  Lydd    —  — 

idBotleyHiU         ^        — 

Gallic  and  Padlefworth 

t  Down  and  Tcnterden 

len  and  Lydd         <— 

irft  and  Frant  — 

It  Down  and  Lydd 

irft  and  Tenterden         —        — 

on  Knoll  and  Lydd 

Caftle  and  Folkftone  Turnpike 


-  I 

-  ! 
-  { 

-  f 


-    1 


A. 

R. 

H. 

L. 

A. 

H. 

A. 

T. 

P. 

L. 

F. 

B. 

D. 

P. 

F. 

T. 

T. 

L. 

G. 

F. 

F. 

L. 

G. 

T. 

A. 

I. 

D. 

F. 


3^9-  I 
37-4  J 
27.6  1 

I. 304   J 

329-     \ 

27.6  J 

329-  1 

322.3  J 
624.  -1 

130.4  J 

659-  1 

880.  J 

469.  1 

642.  J 

599-  1 
322.3  J 
32i-3  1 
i3°-4  J 
497-  1 
659.  J 
599-  1 
i3°-4  J 
497-  1 
322.3  J 
329-  1 
130-4  J 
469.     1 

575-3  J 


of  the  Station 
in  Fathoms. 


2675.4 
5227.1 
3864.1 
10296. 

13255-5 
15060.7 

7093-5 
1 1939. 1 
11027.8 

7398-3 
11948.3 

9062.4 

7975- 
5259-1 


ontain- 
ed  Arc 
nearly. 


2  38 

5    8 

3  48 
10    5 


13 

2 

14 

48 

6 

57 

11 

46 

10 

50 

7 

15 

II 

43 

8 

53 

7 

51 

5 

9-4 

Mean 
Refraftion. 

I       8 

o  55 

0  38 

1  23I 

1  31 

2  1 

0  42 

1  12 
o  55l 

o  38i 
o  55 
o  35 
o  21 

O     12.8 


Proportion- 
able Part. 


i  andi 


i  and  I 

I 

4  and-J 


To 

^\  and  I, 
tV  and  ^\ 


le  Heights  of  Dbver  Cafllc    and  Folkftone  Turnpike,    combined  with   thofe   on   the 
Coaft  of  France. 


ne  Turnpike  and  N.  D,  Church  at  Ca*  ] 

{ 
•{ 


Caftle  and  N.  D,  Church  at  Calais 
ne  Turnpike  and  Station  at  Montlam 


F. 

575-3 

C. 

140.5 

D. 

4.69. 

C. 

140.5 

F. 

575-3 

M 

639.-5 

I 


26697. 

26  4 

3  54-8 

22908. 

22  28.2 

0  15.4 

28967, 

28  29 

I  45. 

■J  and 


and 
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SECTION     EIGHTH. 

Secondary   triangles^  fuhdhided  into  two  fets^  for  the  improve-- 
ment  of  the  maps  of  the  country^  and  the  plan  of  the  City  of 
London  and  its  Environs.     Plate  XL 


IN  the  feries  of  great  triangles,  whereby  the  diftance  be- 
tween the  meridians  of  the  Royal  Obfervatories  of  Greenwich 
and  Paris  has  been  determined,  the  fame  excellent  inflrument 
having  been  placed  at  every  ftation  on  our  fide  of  the  Channel, 
and  all  the  angles  obferved  with  the  utmoft  care,  it  hath  con- 
fequently  followed,  that  the  bafe  on  Hounflow  Heath,  and 
that  in  Romney  Marfh,  reciprocally  meafure  each  other  withia 
a  few  inches  of  the  truth,  which  is  an  inftance  of  fuch  exad- 
nefs  as  probably  never  occurred  in  any  former  operation  of  this 
fort.  The  extreme  fmallnefs  of  the  error  on  the  fum  of  the 
three  angles  of  each  triangle  fufficiently  proves  that  the  ge- 
neral refult  would  not  have  differed  greatly,  if  only  two  of  the 
angles  had  aftually  been  obferved.  But  in  an  operation  of  fo 
much  importance,  this  could  not  have  been  depended  upon  ; 
nothing  was  to  be  left  doubtful ;  and  therefore,  in  the  execu- 
tion  of  the  various  parts,  the  moft  minute  attention  was  paid 
to  every  circumftance  whereby  the  accuracy  might  be  affefled^ 
and  particularly  to  the  placing  of  the  lights  and  inftrument 
reciprocally  over  the  fame  point  marking  the  ftation,  that  no 
poffible  error  might  arife  from  parallax  or  excentricity* 

From 
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From  this  mode  of  conducing  the  operation.  It  will 
readily  be  feen,  that,  if  time  had  permitted^  the  fituatlon  of  a 
multitude  of  other  points  in  the  country  might  have  been  very 
accurately  determined^  befides  thofe  a£luaily  marking  the 
points  of  the  triangles,  whereby  the  ordinary  maps  would  have 
been  greatly  improved  by  foch  as  chofe  at  any  time  hereafter  to 
make  ufe  of  thefe  as  fo  many  given  diiiances.  But  the  circum- 
flances  not  having  permitted  us  to  multiply  thofe  points  to  the 
extent  that  might  have  been  wiChed,  and  that  would  have  been 
eafily  pradicable,  if  the  operation  had  commenced  at  an  earlier 
feafon  of  the  year;  we  have  therefore  been  obliged  to  limit  the 
number  to  a  few  of  the  moft  confpicuous  and  heft  defined  objeds. 

Thefe  fecondary  triangles  are  fubdivided  into  two  fets.  The 
firft  fet  coniifis  of  thirty-  five,  whereby  the  relative  diftances  of  fo 
many  points  have  been  determined  from  certain  llations  of  the 
principal  feries,  beginning  with  thofe  obje£l:s  that  have  been  in- 
terfered from  the  moil  wefterly  flations,  and  fo  on,  proceeding 
gradually  with  the  others  towards  the  eaft.  Two  angles  only 
of  each  of  thofe  triangles  being  obfervedj  the  third  is  that  at 
the  itkerfe£ted  objecl,  or  the  fupplement  to  i8o^  Although 
the  diftances  thus  obtained  cannot  be  quite  fo  accurate  as  the 
fides  of  the  principal  feries ;  yet  there  is  no  reafon  to  appre- 
bend,  that  they  will  be  found  to  differ  widely  from  the  truth, 
when  they  come  to  be  proved  in  the  courfe  of  any  fubfequent 
operation^  by  which  alone  they  can  be  put  to  the  teft. 


Com- 
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N" 

Computation  of  the 

Triangles, 

firft  fet.of  i 

Angles, 

ecoodary  triangles. 

Diftances  of  the  llations    from  the 
interfedlecl  obje£t  in  feet. 

r 

-1 

King's  Arbour 
St.  Ann's  liiil 
Sianwell  Church 

0      /     // 

8  S^  SI 

4     4  44 

167     2   19 

I  from  Stanweil                  1 

10927 
23720 

2.    • 

King's  Arbour 
Hanger-hill  Tower 
Harrow  on  the  Hill 

28  35  34 
89  23  52 
62    0  34 

1  from     Harrow     on    the  J 
J               Hill                       1 

42944 
20553-3 

3-    • 

King's  Arbour               • 
Hanger-hill  Tower 
Ban/iead  Church 

70     I  47 
82  19  25.1 
27  38  47-9 

\  from  Banflead  Church    -' 

J                                   L 

80994 
76807.5 

•l 

Hampton  Poor*houfe 
King's  Arbour              . 
Kew  Pagoda          .     * 

88  58  23 

40  14  25 

50  47  12 

1  from  Kew  Pagoda 
J 

22849 
35364*5 

V 

V 

Flarrow  on  the  Hill 
St.  Paul's  Church 
Spring  Grove  Houfe,  Sir   Jo» 
Banks  9f 

69  43    8 
35  58    9 

74  18  43 

1     from   Spring    Grove    J 
J               Houfe                   1 

35851 
57253-9 

6.   < 

Hanger  hill  Tower         • 
Spring  Grove  Houfe  -^ 

Richmond  Royal  Obfervatory 

1933    4-3 
82  46  15.9 

77  40  39-8 

J  from    Richmond    Royal  J 
\      Obfervatory         .        \ 
Planger    Hill    from    Spring 
Grove              .          * 

20164.4 
6802.1 

19857.8 

t  The  Royal  Obfervatory  in  Richmond  lower  Park  could  not  be  feen  from  any 
of  the  ftations  of  the  great  leries  of  triangles,  except  Hangsr-hill  Tower,  from 
whence  the  bearing  of  it  was  taken.  In  order  to  interfe6t  this  bearing,  the  afif- 
tance  of  certain  operations  made  with  the  agronomical  quadrant  in  1783  at 
Spring  Grove  Houfe  has  been  called  in,  by  the  help  of  which  the  lituations  of  the 
Obfervatory  and  of  Spring  Grove  Houfe  have  been  determined.  In  like  manner, 
the  bearings  of  Batterfea  and  Stretham,  taken  from  Hundred  Acres,  have  been 
interfeaed  with  the  quadrant  from  St.  Paulas  and  Fulham.  The  llations  where  the 
quadrant  was  ufed  are  diftinguiflied  with  afteriiks. 


VoL.LXXX. 
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N° 
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N" 


Triangles, 


{ 


{ 


Hundred  Acres 
St.  PauFs  # 


t  Batterfea  Church 


Angles. 


Bill^nces  of  the  ftations  from 
interfered  Qh]t€t  in  feet. 


the 


14  15  27 

34     3  49-2 
131  42  43,8 


Hundred  Acres 
Fulham  Church  % 
Streiham  Church 


,.{ 


Hundred  Acres 
Severndroog  Caille 
Claph^m  Common,   Mr.    Ca- 
vendish        .  • 


27  51  55.6 
46  12  54-4 
105  55  10 


II, 


f 


12.   I 


Norwood  •  • 

Severndroog  Caftle  * 

Argyll  Sinet  Oh,  Maj,  Gen,  Roy 


Norwood 

Severndroog  Caflla 
Sc*  PauPs  Church 


36  59  3S4 

33   2§   20.5 

109  3^    3«7 


from  Batterfea  Church 


-  from  Stretham  Church 


50664,5 

2^226 


l-  from  Claphi 


am  Common 


76  19  14.5 
S^  41  37 
50  59    ^-S 


>  from  ArgyU  Street  Ob-  / 


fervatory 


35957-3 
^3279-3 


43351*7 
47296.4 


from  St.  Paurs  Church 


62  30  23.5 
57  8  8,5 
60  a I  a8 

N.  B.  By  combining  the  refalts  of  thefe  two  lail  triangles  a  third  is  formed, 
which  gives  for  the  diftance  of  Argyll  Street  from  St.  Paul's 


.,{ 


14. 


( 


Norwood         * 
Severndroog  Caile 
Bromley  College 


36  36  32 
32  52  48 

no  30  40 


Norwood 

Severndroog  Caille 
Chiflehurjl  Church 


3153     3 
67  4S  I2.S 
80  18  44.5 


IS. 


( 


16. 


{ 


Greenwich  Royal  Obfervatory 

Severndroog  Caftle 

Weji  Pedimmt  of  IVmJlmd  Hq. 


Greenwich  Royal  Obfervatory 
Severndroog  Caftle 
Loampit  Hill        »  ; 


92  38  I3-S 
64  46  $3^5 
%^  35  13 


!►  from  Bromley  ColIe|e 


40085.2 
39963 


37840.9 
39963 


9632 


[  from  Chiflehurft  Church 


i3»  45  43 
14  7  o 
34     7  17 


from  Wanftead  Houfe 


{ 


22%5,4 

24930.6 


35777*9 
1^0981.1 


34413.6 
37999-7 


Greenwich  Royal  Obfervatory 
Severndroog  Caille         ♦ 
Bickenham  Church 


85  49     9 
63  29  48 

3Q  41     3 


\  from  Loa^mpit  Hill  | 


[  fromBeckenhamChurch 


{ 


6352.6 
19428.4 


25622 
^8555 
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17- 


{ 


18.    I 


Triangles. 


Angles. 


Greenwich  Royal  Obfervatory 
Severndroog  Callle         • 
Eltham  Church  • 


Severndroog  Caflle 
Botley  Hill 

Knockholt  Beeches 


22  41  33 
87  18  31.5 

69  59  55.5 


21  56  44 

54  48  27 

103  14  49 


Diftances  of  the  ftatioris  from  the 
interfe&d  ol>je6l  in  feet. 


\  from  Eltham  ChtircK       | 


j  from  Knockhol t  Beeches  ] 


1 5531 
5998.3 


58933 
26951 


19 


■{ 


Severndroog  Caftle 
Botley  Hill 
teeth  Hill  Tower 


31  40  29.4 

124  53   14 
23  26   16.6 


\  from  Leetli  Hill  Tower    |  ^'^'*'?^g 


20. 


I 


Botley  Hill 
Frant  Church 
Firedean  Tower 


%l. 


{ 


Botley  Hill 
Fr^nt  Church 
Crowborough  Beacon 


39  17     6.5 
26  58  39 

"3  44    4-5 


I  from  Firedean  Tower      ] 


44780.4 
62507 


19  51   19.5 

77  32  33 
82  56     7.5 


1  from  Crowborough  Bea- 
J  coa 


88977 
30949-7 


22. 


{ 


Botley  Hill 
Wrotham  Hill 
Sevenoaks  Windmill 


24   22      7 

28   57   42 

126  40    II 


I  from  Sevenoaks   Wind- 
J  mill 


44032.4 
37519-8 


^3-   \ 


Frant  Church 
Goudhurft  Church 
Wadhurft  Church 


46    S    9 

26   2F  46.5 

107  33    4-5 


I  from  Wadhurfl  Chxirch 


20674 
335387 


24. 


{ 


Goudhurft  Church 
Fairlight  Down 
Brightiing  Windmill 


25' 


I 


Fairlight  Down 
Lydd  Church 
Rye  Church 


26.    I 


42 
99  48 


6  25 
5  ZZ 


1  from  Brightiing  Wind- 
J  mill 


58616.3 
63707.4 


22  40  17 

21  23  25 

135  56  18 


\  from  Rye  Church  j 


37598 
39734 


Fairlight  Down 

Dover  Caflle,  north  turret 

Dengenefs  Lighuhoufe         • 


19  34  30 
13  54  24.6 
146  31     5.4 


1  frorti  Dengenefs  Light- 
J  houfe 


81082-7 
II 3030 


27. 


( 


Fairlight  Down 
Goudhurft  Church 
Ore  Church 


4  12  42 

60  29  28 

i^S  ^7  5Q 

Kka 


from  Ore  Church 


7605.3 
90123.2 


N'' 
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Triangles » 

Angles. 

Diilances  of  the  flations  from  the 
interfered  obje6t  in  feet. 

..{ 

Fairhght  Down             « 

Lydd  Church 
Fairi'tght  Church 

0  /     // 

23   32^   n 

1  50  43 

154  3^  54 

\  from  Fairlight  Church     \ 

5384 
06787.7 

29.    ■ 

Tenterden  Church 
Allington  Knoll 
Ajhfora  Church 

30  42  37 

46  45     7 

102  32  16 

'  from  Afliford  Church      - 

46096 
32319.2 

41682.2 
28758.4 

30.   ■ 

Lydd  Church 

High  Nook  near  Dymchurch 

Ruckinge  Church 

43  34  io^S 
87  40  22 
48  44  47  5 

I  from  Ruckinge  Church    - 

^ 

High  Nook 

Ruckinge 

New  Romney  Church 

S3  44  33'S 
63  SI  51 

>  from  New  Romney  Ch.  ^ 

16965.4 
^15^6.3 

-1 

High  Nook          , 
Allington  Knoll 
Lymne  Caftle 

42  44  44.5 
70  21  48 
66  53  27.5 

•  from  Lymne  Caflle 

23741.6 
17109.6 

78946.9 
6501.3 

^3325-2 
I1681.6 

f  Lydd  Church 
33.    ^   JFoIkftone  Turnpike 
\}FolkJ'tone  Church 

2  10  29.2 
27  26  22 
150  23     8.8 

i  from  Folkflone  Church    j 

A 

Folkllone  Turnpike 

Padlefvvorth 

Beachhorough  Summer  Houfe 

24  35  59 
123  4^  35-2^ 
31  37  25  8 

from     Beachhorough    J 
Summer  Houfe         [ 

35.  { 

Padlefwonh 
Dover  Caflle 
IValderJIdare  Monument 

32  36    0 
62  24    s 
84  59  55 

~  from    V/aiderj[hare    Mo- 1 
nument                 J 

37862.5 
23081.4 

Second fet  of  fecondary  triangles. 
In  the  Paper  of  1787,  fufficient  reafons  have  been  given 
for  avoiding  St.  Paul's  as  a  flation  in  the  feries  of  great  tri- 
angles. Indeed,  if  no  other  objection  had  exifled,  the  fmoke 
of  the  capital  alone  would  have  been  found  extremely  incon- 
venient*    This  v^as  experienced  at  Shooter's  Hill,  where  we 

were 
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were  detained  a  whole  week,  before  the  white  lights,  notwith- 
ftanding  their  extraordinary  brilliancy,  could  be  feen  at  Han- 
ger-hill Tower,  or  even  at  Argyll  Street,  the  north-eaft  wind, 
which  then  prevailed,  having  brought  the  impenetrable  maft 
of  fmoke  between  the  ftation  of  the  inftrument  and  the  points 
to  be  obferved  ;  and  at  laft  we  were  obliged  to  watch  all  night, 
till  towards  the  morniog  the  fires  of  London  being  extin*- 
gnifhed,  the  white  lights  could  then  be  interfered. 

It  is  not  therefore  furprifing,  that  from  the  ftations  of  Nor- 
wood, Greenwich,  and  Shooter's  Hill,  we  Ihould  only  be  able 
to  fix,  in  a  fatisfaftory  manner,  two  points  in  London^  namely, 
St.  Paul's  and  Argyll  Street.  Bearings,  it  is  true,  of  others 
were  taken ;  but  that  thefe  might  be  interfered  by  angles  not 
too  acute,  it  became  neceffary  to  make  ufe  of  obfervations  that 
had  been  formerly  obtained  at  Argyll  Street  with  my  own 
inftrument  in  its  vertical  pofition,  and  at  St.  Paul's  with  the 
agronomical  quadrant.  Moreover,  by  way  of  finifhing  the 
operation,  and  furnilhing  fuch  part  of  the  inhabitants  of  the 
metropolis  as  may  be  curious  in  matters  of  this  fort  with  a  fet 
of  dlftances  that  cannot  fail  to  be  ufeful  to  them,  two  new 
ftations  were  chofen  for  the  great  inftrument  to  the  northward 
of  London,  one  on  Hornfey  Hill^  and  the  other  on  Primrofe 
Hill.  Thus,  from  the  combined  operations  at  th^fe  feveral 
places,  we  have  been  able  to  determine  the  fituation  of  tbirty- 
{tvtii  confpicuous  points,  confifting  chiefly  of  the  moft  re- 
markable fteeples  in  and  near  the  capital. 

By  referring  to  Plate  XL  which  is  in  fad  the  ikeletonjbut  on 
a  very  fmall  fcale,  for  an  improved  plan  of  London  and  its 
environs,  the  relative  fituation  of  thefe  points  with  regard  to 
St.  Paul's,  and  the  four  neareft  ftations  of  the  great  feries, 
will  be  feen.  Some  of  the  principal  of  thefe  fecondary  tri- 
3  ^»#^^ 
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angles  have  been  reprefented  by  dotted  lines  in  the  plan.  To 
have  exprefled  more  of  them  in  that  wray  would  only  have 
occafioned  confuiion.  Here  it  is  to  be  remarked,  that  the 
diftanceof  Argyll  Street  from  St.  Paul's,  9632  feet,  refulting 
from  the  loth  and  nth  fecondary  triangles  of  the  firft  fet,  be- 
comes a  bafe  in  the  quadrilateral  formed  by  St.  PauTs^  Argyll 
Street  J  Hornfey  Hill^  and  Primrofe  Hill.  Hence,  by  theobferve^ 
angles  at  thefe  tvi^o  laft  ftations,  and  the  affumed  length  of 
one  of  the  unknown  fides,  all  the  angles  of  the  quadrilateral 
are  computed,  by  which  means,  and  the  true  length  of  one 
fide  given,  the  true  lengths  of  all  the  others  are  readily  ob- 
tained. 
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fet  of  fecondary  triangles. 

-     1             Diftances    of  tke  Hations  from 
^     *             the  interfered  object  in  feet. 

■ . : 

Hornfey  Hill 
Primrofe  Hill 
5/.  Paul's 

46    42    41 
83    21    27.5 

49  55  5^'S 

1  from     St.    Paul's 
J      Church 
Hoinfey      Hill     from 
Primrofe  Hill 

23297.1 
17072.8 

17949.05 

2.  - 

Hornfey  Hill 

Primrofe  Hill. 

Argyll  Street  Qh/ervatsry 

23     8  34 

112  49  57 
44     ^  29 

]  Argyll  Street  Ob-  f 
J      fcrvatory             \ 

23803.4 
10150.7 

3-  ; 

Hornfey  Hill 
Primrofe  Hill             ^ 
Hampfttad  Church 

23  33  59 

7.8  23  43 

78    2  18 

from     Hampflead  r 
Church          t 

17972 
7335-5 

4-    { 

Hornfey  Hill 
Primrofe  Mill 

Mr.     T>Xi\iLimzh      Cupola  ^ 
Hornfey  Lane,   Highgate 

29  II     3.5 

16  44  50 

134    4    6.5 

from   Mr.  Duve-  J 
LUz's  Cupola     1 

I2l'8l.2 
7198,2 

5*         -      : 

Hornfey  Hill             .                47  30  42 
Primrofe  Hill              «               51  42  39 
IJllngton  Church          .                80  46  39 

from   Iflington    J 
Church          t 

14272.5 
13409 

N" 


the  Trlgonometrkal  Operation. 


^55 


p 


^ 


■^ 


N° 


'■( 


I 


Triangles. 


Hornfey  Hill 
Primrofe  Hill 
Highbury  Hmfe^Mr.AvBzn  r 


Angles, 


8- 


'J 
'I 


Hornfey  Hill 
Primrofe  Hill  , 

Chri/t  Church,  Spitalfields 


II 


•{ 


12. 


{ 


1 2' 


( 


14. 


IS- 


Hornfey  Hill  • 

Primrofe  Hill 

S/o  Lukes  Churchy  Old  Sir  m 


Hornfey  Hill  , 

Primrofe  Hill 

St,  Leonardos  Ch*  ShoredUch 


Hornfey  Hill 

Primrofe  Hill 

Bow  Churchy  Cheapftde 


Horniey  Hill 

Primrofe  Hill  , 

^t.  Bride's  Ck  Fket  Stmt 


Hornfey  Hill 
Primrofe  Hill 
St,  George^ s  Ch.  Bkomjbury 


Hornfey  Hill 
Primrofe  Hill 
St.  Giles's  Church 


Hornfey  HiU 
Primrofe  Hill 
St,  AnrCsy  Soho 


i6. 


1 


Hornfey  HiU 

Argyll  Street  Obfervatory 

Highgate  Chapel 


Primrofe  Hill 

Argyll  Street  Obfervatory 

St,  Clemenfs  Church 


SS  28  ^^ 
29  28  52 
95     2  36 


50  S^  33 
68  59  37 
60    7  50 


62  9  30 

63  36  33-S 
54  13  56-5 


61  19    %s 

70  33  39 
48    7  13-5 


49  20  38.5 
81  21  4,5 
49  18  17 


43  33  43 
86  44  24 

50  41  sa 


Dillances  of  the  ftations    from 
the  interfe£led  obje£t.  in  feet 


]   from    Highbury 
J  Houfe 


ffroni    St.  Luke's 
Church 


1  from  St.  Leonard's 
J  Church 


1      from  Chriil:       f 
J    Churchy  Spit.    { 


from  Bow  C 


h.     \ 


Ifrom  St.    Bride's  f 
I         Church         1 


8867.7 
14845-4 


^9323 
16057.5 


19816 
19560.5 


32733 
21149-3 


23404.4 
«795f-6 


31  16  n 
94  iJ  a5 

54  32  24 


29  32    8.5 
100  13  30.5 
50  14  21 


28    2  38 

106  40  20 

45  17     a 


59  52  55-5 
22  37  47.6 
97  29  16.9 


20  43  50 
123    o    9,4 
36  16    0.6 


1  from  St.  George's 
1  Church 


1  from  St.   Giles'^  J 
I         Church         1 


I  from    St.    Ann's 
J  Church 


1    from  Highgate 
I  Chapel 


]^  from  St.  Clement's  f 
J  Church  t 


23158 
15689.1 


21977 
11438 


22978.4 
11510.4 


24197.1 
1 1875.4 


9237.8 
20766.9 


14390.2 
6073.S 
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C     P     r* 

N' 

Triangles, 

Angles, 

Diftances  of  che   flations    from 
the  interfeded  objed  in  ittU 

17-  ■ 

Prlrorofe  Hill 
Argyll  Street 
St.  Mar f  6  Ch,  in  the  Strand 

0      /     // ' 
17   52   31 
127   21    15 
34  46   14 

]  from   St.    Mary's 
J           Church     "' 

14148.5 

5463.4 

18.  - 

Prinirofe  Hill 

Argyll  Street  Obfervatory 

6V.  Martin's  Ch.  in  the  Fields 

7  32    8-S 
152    0  27 

20  27  24,5 

1  from  St.  Martin's  f 
J           Church           i 

13631.6 
3808.8 

.,.{ 

Primrofe  Flili              « 
Argyll  Street  Obfervatory 
Pantheon 

3  12  59.5 

102  32-  39.4 

74    14    21. 1 

]    from   the    Pan-    f 
/            theon.            \ 

10295.5 
S9I.B. 

A  fmall  Had  ley's 
fextant  ufed  in  Ar- 
gyll Street, 

20*      \ 

21.    ' 

Primrofe  Hill 

Argyll  Street  Obfervatory 

St*  George^ s  Ch.  Hanover  Sq. 

S  35  34 
120  13  56 

54  10  30 

1  from  St.  George's  f 
J           Church           1 

10816.5 

1220.1 

Primrofe  Hill 

Argyll  Street  Obfervatory 

South  Audiey  Chapel      « 

16     7   10 

103  34- 59 
60  17  51 

1  from  South  Aud-  J 
J        ley  Chapel        1 

"359-3 

3244-5 

*5"  4JI       r 

p 
p  p  «"" 

p  .  r 

rt   CO 

4=  00 

p  "^ 
.y  p  J 

0  ^ 

OS      « 

22.    ^ 

HornfeyHiU 

St.  Paul's  Church 

Newington  Church          ,     ' 

38  14    6 
16  35     7 

125  10  47 

1  from  Newington  J 
J          Church          t 

8136.4 
17641 

^3-  \ 

HornfeyHiU 
St.  Paul's  Church 
St.  Matthew's  Church,  Beth" 
nal  Green 

20  29  59 
66     7     5 

92  22  56 

from    St,    Mat-   J 
thew's  Church     [ 

21321 
8165.8 

u\ 

HornfeyHiU 

St.  Paul's  Church 

St.  George'' s,  RatcUff' 

18  22     9 

105  32  24 
56    S  27 

from  St.  George's  J 
"Church,  RatclifF   { 

27045-2 
8846.4 

25-   j 

Primrofe  Hill 
St.  PauPs  Church 
St*  James's  Church 

30  44'  17 

45  39  31 
103  36  12 

from  St,  James's  f 
Church          t 

12562.7 
8978 

26.  1 

Greenwich  Royal  Obfervat. 
St.  Paul's  Church 
Ltmehoufe  Church         . 

31     5  38 

27  52  40 
121     I  42 

from  Limehoufe  J 
Church           1 

13999-3 

15462 

]Sfc 


the  Trigonometrical  Operation. 
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NO 


■{ 


Triangles. 


Argyll  Street  Obfervatory 
St,  Paul's  Church 
S.W.  pinnacle  of  the  S.  tower 
of  St.  Peter's  Ch.  Weftm. 


r  Norwood 
28.    ■<  Argyll  Street  Obfervatory 
t  Thi^  Monument 


^  2  S 

XJ     O  'O 
4^      i-t     c« 


<     O  ' 

X!  -xj 

s 

p 
O  .H 


5i 


!  00 


PS      1 

u 

ID 


O 


o 

PQ.. 


29. 


Angles. 


61  47  27   • 
39  42  24.5 

78  30     8.5 


Diftance    of  the    ftatioiis    from 
the  interfered  objed  in  htt. 


^^     5     S 

64     9  55.7 

97  44  59-3 


Jew's  Harp  ilatioa 
Black  Lane  flation 
^t,  FauPs  Church 


■yew's  Harp  Hat  ion 
Black  Lane. ftation  ♦ 

\Argyll  Street  Obfervatory 


31-   i 


I  Argyll  Street  Obfervatory 
Jew's  Harp  flation 
Wind   Vane    of  the    Brjti/h 
.  Mufeum. 


32. 


ZZ' 


Argyll  Street  Obfervatory 
Jew's  Harp  ftation 

Charlotte  c^treet  Chapel     • 


52  52  S3 
92  12  30 

34  54  37 


89  56  55-9 
36    9  50 

53  S3  H*i 


95  30  56.5 
30    5  26 

54  23  37-5 


from    Sti 

Church, 


Peter's  J 
Weftm.  1 


6279.5 
8661.8 


from  the   Monu- 
ment 


from     St.     Paul's 
Church 
from    Jew's   Harp    to 
Black  Lane,  the  baft 
of  1783 


from  Argyll  St  r,    4 


I  from    the  Britifli  J 
J  Mufeum         | 


74  26 
19  1 
86  31 


16.6 

55-9 

47-5 


Jew's  Harp  ftation 
Black  Lane  ftation 
Portland  Chapel 


3^      F 

I    Pi 


3S. 


IJew's  Harp  ftation 
Black  Lane  ftation 
Fitzroy  Chapel 


Jew's  Harp  ft.  at  ion 
Black  Lane  ftation 
/  abernacle  • 


Jew's  Harp  ftation 
Black  Lane  ftation 
Small- Pox  Uofpltal 


36409.7 
12557-5 


13522.0 
10790.3 


7744-3 


5656.8 
9586.2 


3488.3 
6511 


from    Charlotte  J 
Street  Chapel      [ 


85  27  45 
2B  S%  ZO 
65  3^  45 


60  43  55 
31  12  45 

88  q  2,0 


63  25  50 
37  H  40 
79  ^9  30 


19  45  45 

56  57  45 

103  16  30 


1848. 1 

5459-4 


1     from   Portland 
J  Chapel 


J    from    Fitzroy 
J  Chaoel 


from   the   Taber- 
nacle 


]  from    the    Small- 
J       Pox  Hofpital 


4097.7 
8474.2 


4015.5 
6759.6 


4780.8 

7048.4 


6670.5 
2690,4 
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Sb'5  '^ 


wi3t: 


NO 


i/' 


TrianEles. 


/Jew's  Harp  flat  ion 
1  Black  Lane  ilation 
i^'i%  P (271  a  as  Chnrch 


Angles. 


4  41  45 

12  58  2 J 

162   19  50 


Diftaoces  of  tht    flations   from 
the  interfe£led  object  in  feet. 


]  from   St.  Pancras 
J  Church 


20B8.8 


That  thefe  fecondary  triangles  may  be  more  generally  ufeful 
to  the  inhabitants  of  London   and    its   environs,  the    angles, 
which  the  53  points   comprehended   in    F'iate  XL    refpe£tively 
form  with  each   other  at  the  center  of  the  dome  of  St,  Paul's, 
are  coile£led  in  the  annexed  table,  together  with  their  feveral 
diftances   from  that  central  point.     The   objefts   are   arranged 
into  two  claiies,  according   as  they  are  (ituated  to  the  eaftward 
or  weftward  of   the   meridian  of   St.   Paul's.     Thofe  of  the 
firft  clafs  commence  at  the  north  meridian,  and  proceed  by  the 
eaft  to   180"^.     Thefe  of  the  fecond  commence  at  the   foutli 
meridian,  and  proceed,  in  like   manner*  by  the  weft  to  180''. 
From  this  table  the  total  angle  between  any  two  objeds  being 
had  by  limple  fubtraftion,  and   the   diftances   from   St,  Paul's 
given,  the  diftances  of  the  objefts  from  each  other  are  readily 
obtained*     Whoever,  therefore,  ihould  be   delirous  of  know- 
ing accurately  his  own  fituation   in  this  great  metropolis  may 
eafily  fatisfy  himfelf,  by  taking   two  angles  from  the  top  of 
his  houfe,  with  a  good  Hadley's  fextant  or  theodelet,  bey 
tween  any  known  objefts  near  to  him,  and  thebeft  difpofed  for 
the  purpofe.    By  the  help  of  thefe  data,  and  a  very  fimple  trigo- 
nometricai  computation,  he  will  obtain  what  he  wants ;  and  he 
may  even  fatisfy  another  curiofity  which  will  probably  occur, 
namely,  that  of  putting  to  the  teft  our  original  operation,  by 
trying  how  nearly  different  triangles  bring  out  the  fame  refult. 
It  wilL  readily  be  conceived  that^  for  trials  of  this  fort,  the 

i  points  ^ 


the  trigonometrical  Operation.  ^T^f 

points  whofe  lituations  have  been  determined  by  the  great  In- 
ftrument  (hould  be  chofen  preferably  to  the  others;  and  next 
to  thefe,  the  objeds  that  have  been  fixed  by  one  angle,  taken 
with  the  Argyll-Street  inftrument,  as  more  to  be  relied  upon, 
than  thole  oblerved  with  the  aftronomical  quadrant  o| 
fextant.  Thus  an  excellent  foundation  is  laid  for  the  improve-- 
ment  of  the  plan  of  London  and  its  environs,  which  may  by 
thefe  triangles  be  rendered  more  accurate  than  would  have  been 
poffible  by  any  other  mode. 


fable  (hewing  the  bearings  and  diftances  of  objects 
fituated  in  and  near  London,  from  the  center  of  the 
Dome  of  St.  PauFs. 


r 


Eaftward 
of  the 
meridian  < 

of 
St.  Paul's. 


Objeas. 


Newington  Church 

St.  Luke's  Church,   Old  Street 

St.  Leonard's  Church,  Shoreditch 

The  weft  pediment  of  Wanftead  Houfe 

St.  Matthew's  Church,   Bethnal  Green 

Chriil's  Church,   Spitalfields 

Bow  Church,   Cheap  fide 

Limehoufe  Church  .  . 

St,  George's  Church,  Ratcliff  Highway 

The  Monument  . 

Severndroog  Caftle,   Shooter's  Hill 

Traniic-room  of  Greenwich  Royal  Obferv. 

Eltham  Church 

Loampit  Hill   ,  .  . 

Station  at  Norwood 

South  Meridian  of  St.  Paul's 


Bearings  from 
the  north  me^ 
rid.  eaftward. 


9  59  39'3 
12  57  53-7 
44  57  J9-8 
55  53  46-4 
59  3^  37-3 
70  38  37-3 
87  48  4a 
92  51  6 
98  56  56.3 

115  15  45-7 
115  28  50.4 
120  43  46 
123  46  4.2 
134  40  48.7 
175  47  18.4 
180  o  o 


Diilances 

in 

feet. 


1 7641 
4262.7 
6746.4 

36308.4 
8165/8 
5878.4 

1078. 1 
15462 
8846.4 

31 14.2 
39963 

25655-5 
41091 

2345°- 1 
37^41 


LI2 


Weft- 


^^6o 
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Gbjeas, 


Bearings  from 
the  foiith  me- 
rid,  weilward. 


Diitances 
in 

feet. 


\ 


Wejftvvard 

of  the      j 
meridian    J 

of 
St.  Paul's. 


Stretham  Church  ,  • 

Clapham  Common^  Mr.  Cavendish     • 

Batter  lea  Church 

St.Peter'sCh.Weilm.SWpinnacleoftheS.T 

Fill  ham  Church 

Kevv  Pagoda 

Richmond,  Royal  ObfeiTatoiy 

St.  Martin's  Churchy  in  the  Strand 

Spring  Grove  Home,  Sir  Jos.  Banks,   Bt. 

St,  James's  Church 

South  Audley  Chapel 

St,  Mary's,  New  Church  in  the  Strand 
|St.  Clement's  Church 

St.  Ann's  Church,  Soho 

Si.  George's  Church,  Hanover  Square 

St.  Bride's  Church,  Fleet  Street 

Argyll  Street  Obfervatory,  Maj.  Gen.  Roy 

The  Pantheon 

Hanger- hill  Tower 

St.  Giles's  Church 

Portland  Chapel 

Charlotte  Street  Chapel 

St.  George's  Church,  Bloomfbury  Sqtiare 

Wind  Vane  of  the  BritiHi  Mufeum 

The  Tabernacle,  Tottenham  Court  Road 

Fitzroy  Chapel 

Harrow  on  the  Hill  Church 

Jew's  Harp  llation  of  1783 

Primrofe  Hili  ftation  of  1788 

Hampf!ead  Church 

St.  Pancras  Church 

The  SmaiUPox  Hofpital  -» 

Black  Lane  llation  of   1783 

Highgate  Chapel 

'Mr.Duv£Euz'sCupola,HornfeyLane,High. 
Hornfey  Hill  llation  of  1788 
Iflington  Church 
Highbury  Houfe,  Mr.  Aubert 
Ditto,  the  Tranfit-room  of  his  Obfervatory 
North  meridian  of  St,  Paul's 


.  13 
26 

52 
52 

w 
71 
71 

74 

76 

77 
81 

8i 

8S 
86 

86 

90 

92 

93 
94 

94 

100 

lOI 


57  7.8 

29  56  I 

22  27.6 

32  13,2 

39  44.6 
2  36 
0.1 
59.2 
49  3 


103 
10s 
107 
109 
112 
112 
123 
128 


137 
147 

150 

174 


42 
28 

9 

49 
49 

S7 

57 

9 

23 
12 

14 
19 

36 

34 

30 

»S 

4,5 
20 

41 
7 

^8 
56 

43 


9 


.8 

42.7 
27.7 

36-7 
58.7 

12  9 

42.8 

37-7 
17.2 

:9  6 

as. 3 

38-7 

23-9 
20.6 

45-7 

47 

10.2 

30-7 
40.8 

II. 8 
25.8 


38  37.8 


179 

180 


53 

S9 

27 
24 
40 

43 
I 

o 


7-7 
18.1 
12.8 

32-3 
21.4 
II. 5 

56.6 

o 


317935 
24563.5 

22226 

8661.8 

307^^^  3 

4?577-7 

51941.1 

67486 

57253-9 
8978 

12211.1 
4291.6 
3592-4 

7753-9 

10304.5 

J771.7 

9632  ^ 

9066.8 

45845.2 

;  6917,3 

110301.4 

8500.4 

6221. 1 

6701.5 

8876.2 

9559-9 
58764.2 
1352a 
17072.8 
24148,7 
10600.7 

8732.3 
10790.3  j 
24062.4 
22646 
23297.1. 

902,8*2 
14595,7 
1 45  6 1. 4 


Com™ 


the  Trigommeirkal  Operation. 
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r  '^^ ''                     ■*'■■■■■ 

Computed  latitudes  and  lon^ 

the  at 

places. 

■ 

gitudes  of  Ic 
>ove  table. 

Latitudes. 

)me  of  the  places  in 

Longitude  from  Greenwich 

,111  degr.  &c. 

!     in  time. 

St.  Paul's 

Highbury  Hoiife,  Tratifit-room 

St.  James's  Church 

Argyll  Street  Obfervatory 

CJapham  Common,  Tranfit-room 

Richmond  Royal  Obfervatory 

0        y      // 

51  30  49,43 

51  33  12-8 
51  30  3C-7 
51  30  S3-°S 
51  27   12.7 

51   28     7.9 

0      /     // 

0    5  50.5 
085 

0     8  18.36 

0     8  39,2 

0  18  42.3 

h   m  fee. 
0    0  23,12 
0    6  23.37 
0    0  32.33 

0    0  33  224 
0    0   34.613 
0    I   14,82 

CONCLUSION. 

IN  the  courfe  of  this  Paper,  an  account  has  been  given  of 
the  comiTiencenaent,  progrefs,  and  completion  of  an  operation, 
the  firft  of  its  kind  in  this  country,  undertaken  by  the  com- 
mand, and  executed  under  the  aufpices,  of^  a  moft  gracious  and 
beneficent  Sovereign,  the  Patron  of  the  Sciences; 

From  a  liberal  fupply  of  much  better  inftruments  than  ever 
were  ufed  for  purpofes  of  this  fort  on  any  former  occaiion,  and 
every  other  ailiftance  that  could  contribute  towards  fuccefs,  the 
operation  has  undoubtedly  derived  fome  peculiar  advantages : 
for,  befides  a  more  accurate  mode  of  meafuring  the  bafes  than 
has  heretofore  been  pradifed,  the  angles  of  the  triangles  have 
been  obferved  fo  truly,  that  the  relative  geodetical  fituations 
of  the  ilations,  as  determined  by  plane  trigonometrical  com* 
putation,   may  be  faid  to  be  free  from  fenfible  error. 

The  ioftrument  too,  by  means  of  its  tranfit  telefcope,  being 

admirably  calculated  for  determining,  with  great  precifion,  the 

true    diredion    of  the    meridians,  their   convergence    to    each 

other,    and   confequently   the    differences   of  longitude,    have 

J  thereby 
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thereby  been  obtained  bj  angular  meafurement  alone^  without 
any  regard  to  difference  of  time,  more  or  lefs  erroneous  ev^eii 
With  the  ¥erj  bed:  time- keepers,  and  not  perhaps  to  be  de- 
pended upon  to  nearer  than  half  a  fecond,  after  taking  a  mean  of 
a  number  of  comparlfons.  This  mode,  bj  angular  meafure- 
mentj  was  fuggefted  in  the  Paper  of  1787;  and  we  prefume 
to  thinks  that  the  refult  of  the  operation  has  fully  verified/the 
goodnefs  of  the  method  by  the  confiflency  of  the  pole-ftar  ob- 
fervations  among  themfelv^es.  It  may  be  faid  to  be  a  new  mode 
of  furveying,  by  the  help  of  the  pole-ftar  as  a  fixed  point,  for 
preferving  the  accuracy  of  the  operation,  fucceffively  carried  on 
from  meridian  to  meridian ;  and  the  fame  mode  fhould  be 
adhered  to  in  future. 

Another  circumftance  mufl:  likewife  be  noticed,  as  having  been 
propofed  at  the  fame  time,  namely,  the  ufe  of  white  lights 
for  the  diftant  ftations :  for  without  the  help  of  thefe,  ob- 
ferved  with  fuch  an  inftrument  as  ours,  it  would  have  been 
utterly  impoffible  to  have  determined  accurately  the  diftances  of 
Montlambert  and  Blancnez,  the  firft  nearly  forty-feven,  and 
the  laft  nearly  forty- eight  miles  from  Fairlight  Down, 

Without  farther  recapitulation,  the  Writer  of  this  Account 
cannot  help  coniidering  it  as  being  incumbent  on  him  to  recom-- 
mend,  that  the  trigonometrical  operation,  fo  fuccefsfully  be* 
gun,  fhould  certainly  be  continued,  and  gradually  extended 
over  the  whole  ifland.  Compared  with  the  greatnefs  of  the 
object,  the  annual  expence  to  the  publick  would  be  a  mere  trifle 
not  worthy  of  being  mentioned.  In  reality,  a  chief  part  of 
the  expence,  namely,  that  of  fine  inftruments,  has  already 
been  incurred  ;  and  it  would  be  a  pity  indeed  to  fuffer  them  to 
be  laid  up  and  remain  ufelefs.  The  honour  of  the  nation  is  con- 
cerned in  having  at  leaft  as  good  a  map  of  this  as  there  is  of 

any 
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any  other  country.  Bot^  by  proceeding  with  the  work  in  the 
fame  manner  as  it  has  been  begun,  %¥ith  more  perfed  inftru- 
ments  than  have  heretofore  been  ufed,  and  fome  of  thefe- ap- 
plied in  a  new  way^  a  map  of  the  Britifh  illands  will  at  length 
5e  obtained,  greatly  foperior  in  point  of  accuracy  to  any  that 
is  now  extiint.. 

One  additionrd  inilromcnt  would  certainly  be  wanted,  that 
is,  a  zenith' fcdor  for  the  determination  of  the  latitudes,  when 
the  operation  came  to  be  extended  to  any  confiderable  diflance 
from  the  parallel  of  Greenwich.  But  this  would  not  be  ne- 
ceffary  at  firfl ;  while  filch  a  one  is  preparing  by  Mr.  Rams- 
den,  and  which  he  will  no  doubt  render  the  compleateft  thing 
of  the  kind,  the  operation  fhould  be  continued  in  the  parallel 
of  Greenwichj  or  in  the  perpendicular  of  its  meridian,  quite 
to  the  weftern  fide  of  the  ifland  in  the  manner  following. 

In  more  than  one  place  of  this  Paper  we  have  had  occafion  to 
exprefsour  regret,  that  the  recent  feries  oftrianglesdid  pot  afford 
diftances  fufficiently  great  between  points  reciprocally  vilible, 
for  the  beft  application  of  the  pole-ftar  obfervations,  to  the  de- 
termination of  the  differences  of  longitude.  It  is  believed, 
that  the  obfervations  themfelves  are  extremely  near  the  truth, 
but  not  wholly  free  from  error ;  therefore,  whatever  this  may 
amount  to,  on  double  or  triple  the  diftance  it  would  certainly 
be  reduced  to  one-half  or  one-third  part. 

Shooter's  Hill,  and  Nettlebed  Heights  on  the  eaftern  fkirt  of 
Oxfordftiire,  are  reciprocally  vifible  at  the  diftance  of  about 
forty-fix  or  forty-feven  miles  from  each  other.  Nettlebed 
Heights,  and  a  thin  clump  of  trees  on  the  Glouceflerfhire 
range  of  hills,  called  Paul's  Efii/tie,  about  two  miles  wcflward 
from  Frog  Mi7/,  on  the  left  hand  fide  of  the  road  leading  from 
thence  to  Gloucefler,  may  likewife  be  fceii  from  each  other  at 

the 
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the  diftance  of  fifty  or  fifty-two  miles.  This  laft  commands  a 
moft  exteniive  profpe£!:  over  the  plain  of  the  Severn  and  the 
Welch  n:iountains  to  a  great  diftancc  beyond  it.  Pm-y-Foel 
Hill^  called  alfo  the  Sugar-loaf  of  Abergavenny,  in  Mon- 
mouthfhire,  would  become  the  third  flation  to  the  weftward  ; 
and  twoj  or  at  moft  three^  ftations  more  would  reach  St.  Da- 
vid's Head,  oppolite  to  Wexford  in  Ireland. 

But  let  us  fuppofe,  in  the  firft  place,  the  feries  of  triangles 
to  be  extended  only  to  the  third  ftation,  in  all  which  fpace  it 
would  be  wholly  unneceflary  to  obferve  any  latitudes ;  by  the 
pole-ftar  obfervations,  repeated  a  fufficient  number  of  times  on 
both  fides  of  the  pole^  at  each  of  the  ftations,  the  length  of 
the  degree  of  a  great  circle,  perpendicular  to  the  meridian, 
and  confequently  the  differences  of  longitude,  would  thereby  be 
obtained  to  the  utmoft  precifion.  A  determination  of  this  fort 
would  abfolutely  be  conclufive,  with  regard  to  the  length  of  the 
vertical  and  radius  of  the  parallel  in  the  latitudes  of  the  refpec« 
tive  ftations,  afcertainable  by  their  diftances  from  the  perpen- 
dicular to  the  meridian  of  Greenwich. 

The  fecond  part  of  the  operation  would  be  that  of  carrying 
a  feries  of  triangles  fouthward  from  Pen  y-Voel  Hiil^  in  the 
direftion  of  its  meridian  to  the  Britiili  Channel;  and  after- 
wards extending  thefe  triangles  in  the  ufual  manner  over  the 
whole  fouth  part  of  the  iflaad  between  Kent  and  the  Land's- 
End. 

If,  befides  the  zenith  fec9:or,  another  circular  inftrument  ivas 
provided,  and  fome  additional  annual  expence  allowed,  in  order 
to  accomplilh  more  fpeedily  fo  great  and  ufeful  a  v^ork,  at  the 
fame  time  that  the  operations  to  the  fouthward  were  carrying 
on,  the  feries  of  triangles,  in  the  dire£lion  of  the  meridian  of 
Pcn-y-Vod  Hill^  (hould  be  continued  to  the  oorthvv^ard  through^- 

out 
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out  the  extent  of  the  ifland  till  it  fell  into  the  Murray  Frith. 
A  new  meridian  might  then  be  taken  more  to  the  weft  ward, 
perhaps  that  of  Invernefs,  or  fome  hill  near  it,  whereby  the 
feries  would  be  extended  to  the  North  Sea,  bounding  the  coafts 
of  Sutherland  and  Caithnefs. 

It  is  unneceffary  here  to  enter  into  any  minute  detail  of  what 
fhould  be  the  fucceeding  parts  to  be  carried  preferably  into  exe- 
cution, as  things  of  this' fort  would  naturally  prefent  theto- 
feives,  in  the  courfe  of  fuch  important  operations,  to  thofe 
entrufted  with  the  direftion.  It  is  however  fufficiently  ob- 
vious, that  having,  as  above  fuppofed,  obtained  the  meafure  of 
a  portion  of  the  meridian  amounting  nearly  to  fixteen  degrees 
of  latitude  in  continuity,  between  the  Pyrenean  mountains 
and  the  northern  extremity  of  Britain,  or  more  than  one «^fixth 
part  of  the  diftance  between  the  equator  and  the  pole;  the 
things  of  the  next  confequence  to  be  obtained  would  be,  the 
meafures  of  the  radii  of  the  vertical  and  parallel  in  the  low- 
lands of  Scotland,  that  is,  in  the  latitude  of  Edinburgh,  and 
again  at  the  northern  coaft.  In  each  of  thefe  fituations  it  is 
evident,  that  about  three  degrees  of  longitude  might  be  mea- 
fured  with  great  exadnefs.  At  the  iiorth,  for  inikmccy  Cape 
Wrath  being  made  the  central  ftation,  from  thence  the  Or^/^^j^ 
IJlands  to  the  eaftward  and  Butt  of  the  Ifland  of  Lewes  to  the 
weftward,  being  diftinftly  feen,  would  confequeutly  become  the 
Nations  to  the  right  and  left. 

With  re^rd  to  the  ufe  of  white  lights,  fo  indifpenfably  ne- 
eeffary  In  all  operations  of  this  forjt,  no  opportunities  have  yet 
offered  of  afcertaining  with  precifion  the  immenfe  diftance  to 
which  they  may  be  feen  in  favourable  circumftances  of  the 
weather,  and  with  fufficient  elevation  of  the  ftations  above  the 
fea.    Thofe  commonly  wfed  in  the  recent  operation  were  only 
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three  or  fonr  inches  in  diameter,  and  the  largeft  but  fix  orfeveii. 
Augmented  to  nine  or  ten  inches,  exhibited  on  the  top  of  one 
high  hiil,  and  oblerved  from  the  top  of  another,  when  there 
is  no  moonlight,  and  no  rain  or  fog,  they  would  probably  be 
feen  eighty  or  a  hundred  miles.  In  (liort,  wherever  the  moft 
faint  looming  of  the  land  in  a  very  clear  day  can  be  difcerned,  the 
lights,  from  their  extraordinary  brilliancy,  would  undoubtedly 
be  feen  in  a  dark  night,  when  the  air  was  perfectly  clear. 

Hence,  it  will  readily  be  conceived,  how  eafily  and  accu« 
rately  any  trigonometrical  operations  that  might  be  carrying 
on  in  England  and  Ireland  at  the  fame  time  might  be  conneded 
with  each  other,  by  means  of  thefe  lights,  alternately  exhibited 
and  obferved,  for  inftance,  on  Brach-y-^pwl  Pointy  Holyhead 
HilU  and  the  i|/?c^  of  Man ^  on  one  fide;  and  again  on  the 
mountains  oj  Wkklow^  hill  of  Howth^  and  mountains  of  Mourne^ 
on  the  other. 

In  the  Paper  of  1787,  and  again  in  this,  we  have  had  occa- 
lion  to  remark  on  the  improbability  of  being  able  to  determine 
the  differences  of  longitude,  by  the  inftantaneous  explofion  of 
light,  fo  accurately  as  by  angular  meafurement  with  a  fine  in- 
itrument,  applied  as  it  has  been  in  the  recent  operation.  But 
iince,  undoubtedly,  there  will  be  different  opinions  on  this 
head,  it  will  be  very  proper  that  both  modes  (hould  be  tried, 
that  the  refults  may  be  compared. 

To  the  eaflward  of  Greenwich,  the  ftation  for  explofion 
might  be  taken  at  Montlambert^  Fienne  Windmill^  or  at  Folk'^ 
fone  Turnpike^  in  order  to  render  the  diflance  of  the  extreme 
ftations  as  great  as  poflible.  Any  of  thefe  points  would  be 
vifible  from  Crowborough  jB^^c<?/?,  which  would  become  the 
ftat;ion  of  the  Englifh  aftronomer  with  his  clock  arrd  inflru- 
Bients.  That  of  the  French  aftronomer  would  of  courfe  be 
7  taken 
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^akeit  111  the  moft  convenient  place  inland  on  the  range  of 
chalk  hills,  vifible  from  the  place  of  explofionj  and  the  eafieft 
conneded  with  the  triangles  of  the  meridian  of  Paris  in  the 
neighbourhood  of  Helfaut  z\\^  Bouvigny,,  Crowborough  is  about 
70  rniles  diftant  from  M^;2//<ja;i^i^^r/,  and  a  point  in  the  diredion 
of  thefe  two  near  Helfaut  would  be  about  32  miles  inland  from 
Monilamberi^  which  would  give  for  the  extreme  diftance  about 
102  miles. 

If  experiments ,  of  the  fame  kind  were  to  be  made  to  the 
weftward  of  Greenwich,  thofe  very  flations,  already  propofed 
for  the  continuation  of  the  triangular  operation,  would  be  the 
fitteft  that  could  be  chofen  for  the  purpofe. 

Now,  fuppofing  the  operations  already  mentioned  in  the 
parallel  of  Greenwich  to  be  executed,  the  meridian  of  Pen^y- 
Voel  Hill  extended  to  the  northern  extremity  of  Scotland,  and 
three  degreees  of  longitude  meafured  in  that  latitude,  while 
the  Eafl:  India  Company  were  carrying  on  operations,  of  the 
fame  nature  on  the  coaft  of  Coromandel  and  in  Bengal,  every 
thing  would  then  be  done  that  Britain  could  do  within  her 
own  dominions,  in  regard  to  the  determination  of  the  figure 
and  dimenfions  of  the  earth.  If,  after  this,  any  doubts  re- 
mained, thefe  might  eafily  be  removed,  by  Portugal's  mea- 
faring  a  degree  or  two  of  the  meridian  under  the  equator,  and 
alfo  a  portion  of  the  earth's  equatorial  circumference;  while 
fome  other  nation  repeated  the  operations  at  the  polar  circle, 
or  made  new  ones  flill  nearer  to  the  pole,  if  fuch  fliould  be 
found  pradicable,  all  which  has  been  fuggefted  in  the  Paper 
^i  1787-  For  the  farther  illuftration  of  this  fubjed,  it  will  be 
proper  to  refer  to  fig.  3.  in  Plate  X. 

With,  regard  to  the  execution  of  any  future  operation  that 
toay,  and  which  it  is  hoped  will,  he  hereafter  undertaken  in 
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Britain,  there  remains  but  one  point  more  to  be  mentioned, 
that  is,  the  meafxirement  of  new  bafes.  In  the  execution  of 
the  great  map  of  France,  no  fewer  than  feveenteen  were  rnea- 
fured.  But,  with  fuch  inftruments  as  have  been  lifed  in  this 
country,  a  fmaller  number  would  fuffice ;  and  the  beffc  iitua- 
tions  for  the  purpofe  will  naturally  prefent  themfelves  inthe 
courfe  of  the  operations. 

Thofe  that  immediately  occur  to  the  Writer  of  this  Me-- 
moif,  as  likely  to  be  found  the  moft  proper,  are  the  following, 
vi%. 

1.  On  Sedgemoor  in  Somerfetfliire. 

2,  On  Bofton  Fens  in  Liiicolnihire. 

2.  On  the  fands  on  the  coaft  of  North  Wales. 


at  low  water 
Ypring  tides* 


between  Pen  man  Mawr  and  Beaumaris, 

4^  On   the  fands  between  Holy  Ifland  and 
Berwick  upon  Tweed,  ^  .  • 

5.  Oil  Kincalrden  and  Flanders  Mofs,  Weft  ward  from  Stir- 
ling. 

6.  On  the  fands  on  the  coaft  of  Aberdeenfliire-^ 

between  the  mouth  of  the  Don  and  Newburgh,  I  at  low  water 

7.  The  fands  on  the  coaft  of  Murray,  between  f  fpring  tides, 
the  mouths  of  the  rivers  Findhorn  and  Nairn,      J 

8.  On  the  Moan  morafs,  inland  from  the  Whiten  Head,  on 
the  coaft  of  Sutherland, 

In  the  meafurement  of  thefe  bafes,  which  ftiould  not  be 
lefs  than  fix,  but  as  often  as  poffible  even  eiglit  or  ten  miles  in 
length,  there  would  not  be  any  necefiity  for  that  wonderful 
exaftnefs  that  was  requifite  for  determining  the  length  of  the 
firft  and  fecond  bafes  on  Hounflow  Heath  and  Romney  Marih. 
Suppofingthem  to  be  executed  with  the  fteel  chain  alone  within 
a  few  feet  of  the  truth,  it  would  be  perfedly  fufficient  to  (hew 
I  that 
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that  na  error  of  any  confequence  had  accumulated  in  carrying 
qn  the  operation  to  thefe  diftant  points  refpedively,  even  as  far 
as  the  remote  fiiore  of  the  Northern  Ocean. 

Finally,  m  order  to  preferve  the  primitive  fcale  of  diftances, 
whereon  the  accuracy  of  the  recent  operation,  and  all  future 
ones  that  may  hereafter  be  connected  with  it,  muft  always  be 
fuppofed  to  depend,  it  is  indifpenfably  neceffary  to  eftablifli, 
without  lofs  of  time,  fome  permanent  marks  at  the  extremities 
of  the  bafe  on  Hounflow  Heath  *.  Thefe  fhould  be  low  cir- 
cular buildings,  rifing  but  a  few  feet  above  the  furface  of  the 
Heath,  compofed  of  the  hardeft  materials,  fuch  as  granite,  and 
conftruded  in  the  tooft  durable  manner  by  dove- tailing  the 
ftoncs  into  each  other.  They  would  refemble  thofe  bafements 
of  ancient  croffes  we  often  meet  with,  formed  into  regular 
ileps,  whereby  the  afcent  is  rendered  eafy  to  the  top  of  a 
circular  table  or  platform,  of  fufficient  dimenfions  for  the  re- 
ception of  the  great  inftrurnent  on  any  future  occaiion. 

In  the  interior  part  of  thefe  little  buildings,  metal  tablets 
would  be  mferted,  containing  the  name  of  that  much-beloved 
Monarch  in  whofe  reign  the  operation  was  begun,  and  thefe 
buildings  executed ;  the  diftance  from  one  to  the  other;  the 
angle  of  the  bafe  with  the  meridian;  and  alfo  the  magnetical 
variation. 

It  is  not  to  be  doubted,  that  the  refpe£tive  lords  of  the  ma- 
nors will  readily  veft  in  the  Royal  Society,  the  property  of  the 
two  fmall  fpots  of  the  Heath  fufficient  for  the  ereftion  of  thefe 

*  Soon  after  the  meafurement  of  the  bafe,   Mr.   Mylne,  F.  R.  S.  at  my 

defire,  was  fo  obliging  as  to  give  a  defign  for  a  building  of  this  kind,  which, 

being  coniaruaed  nearly  in  the  way  of  the  Eddyftone  Light-houfe,  executed  by 

the  ingenious  Mr.  Smeaton,  would  anfwer  very  well. 

termtnt. 
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termmu  They  fiiould  be  carried  into  immediate  execution  j 
for,  if  this  bufinefs  (hould  be  poflponed  for  any  length  of  time, 
there  will  be  danger  of  its  being  altogether  forgotten.  In  a 
few  years  the  wooden  pipes  funk  in  the  earth  will  decay ;  and 
thus  the  primitive  fcale  of  diftances?  which  coft  fo  much 
labour  and  expence  to  obtain,  will  be  irretrievably  loft^ 
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P      P      E      N      D      I      X. 


OUR  late  much  refpeded  Colleague,  Major-Geiieral  Roy, 
having  finifhcd,  in  September  1788,  the  trigonometrical 
meafurement  defcribed  in  the  firft  Part  of  this  Volume,  re- 
turned to  London  in  a  very  indifFerent  ftate  of  health.  From 
this  time  he  employed  all  the  leifure  that  his  illnefs,  and  his 
various  official  avocations,  allowed,  in  preparing  the  account 
of  his  operations,  to  be  laid  before  the  Royal  Society.  But 
toward  the  autumn  of  1789  his  infirmities  encreafed  fo  much, 
that  the  medical  Gentlemen  he  confulted  advifed  him  to  fpend 
the  following  winter  at  Lilbon,  for  which  place  he  accordingly 
embarked  in  the  beginning  of  November.  Previous  to  this, 
however,  he  finiihed  the  firft  Copy  of  his  Paper ;  but  it  was 
much  hurried  toward  the  latter  part,  and  not  rendered  fo  per- 
fed  as  the  General  woqld  undoubtedly  have  made  it  with  more 
time  and  better  health.  He  returned  to  England  in  April 
1790,  and  the  Paper  was  fent  to  the  prefs  before  the  end  of  the 
fame  month.  Unfortunately  the  General  did  not  live  to  fee  the 
printing  quite  completed ;  he  cof  reded,  indeed,  all  the  Iheets 
exaept  the  three  laft;  but  without  comparing  his  manufcript 
copy  with  the  i^^ngmal  papers  and  obfervalions.  Several  errors 
which  had  been  diicovered  in  the  courie  of  the  printing,  toge-- 

ther 


[     ^9^    1 
ther  with  the  obfcorlty  of  the  account  in  certain  parts,  induced 
fomeof  thcGeneraFs  Friends^  Members  of  the  Royal  Society^ 
to  requeft,  after  his  deceafe^  that  the  whole  might  be  revifed  by  a 
competent  perfon,  who  fhoiild  compare  it  with  the  original  do- 
cuments, correct  fuch  miftakes  as  might  be  difcovered,  and 
illoftrate  whatever  required  further  explanation.     No  one  could 
he  found  fo  proper  for  this  talk  as  Mr.  Dalby,  the  Gentleman 
of  whom  the  General  makes  fuch  honourable  mention  in  his 
Paper,  and  who,  having  affifted  in  all  the  operations,  was  as 
well  acquainted  with  every  part  of  them  as  the  General  him- 
felf.    The  refult  of  Mn  Daley's  examination  is  the  following 
Remarks;  which  being  much  too  long  for  infertion  in  the  lift 
of  errata  (where  only  the  errors  of  the  prefs  are  noticed)  is 
here  added  feparately,  by  way  of  Appendix. 
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Remarks  on  Major-General  Roy's  Account  of  the  Trigomme^ 
trical  Operation  J  from  Page  1 1 1*  to  Page  zyo.of  ibh  Volume* 
By  Mr.  Ifaac  Dalby . 


PAGE  134*  L  2O5  &c.  The  inclinations  of  the  bafes  with 
the  meridians  were  determined  by  fpherical  CQaiputation, 
and  therefore  can  only  be  confidered  as  nearly  true. 

P.  171. 1.  6.  from  bottom,  for  we  have  area  in  h^  put  we 
have  log.  area  in  feet. 

P.  173.  in  the  VIIl  triangle,  for  0.01  put  o.i. 
P.  174;  in  the  IX  triangle, ^r  0.88^^^  o.83, 
P.  175,  in  the XVII  triangle,  for  yi^sS  P^^  71885* 
P.  177.    This  method    of    making   the   comparifon  on  a 
long  diftance,  when  the  meafured  bafes  are  fhort,  and  nearly 
of  the  fame  length,   feems  preferable   to  that  of  carrying 
the  computation  direftly  from  one  bafe  to  the  other.     Determi- 
nations of  this  kind,  however,  muft  always  be  uncertain  to 
particular  limits  on  account  of  the  inaccuracy  of  inil:rument3 
and  obfervations  combined  with  the  unknown  figure  and  dimen- 
fions  of  the  earth.     Was  the  earth  a  fphere  of  a  known  mag- 
nitude, the  moft  natural  method  of  computation  would  have 
been  by  fpherical  trigonometry,  after  the  obferved  angles  had 
been  corrected  for  that  purpofe ;  which  method  (fupppiiiig  the 
angles  wanted  no  corredion,  or  each  had  been  accurately  ob- 
ferved) would  fhew  which  bafe  was  meafured  nearefi:  the  truth. 
Or  the  fame  thing  might  alfobe  obtained  by  plane  trigonome- 
Vol;I.XXX,  4H  try, 
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trj5  iifing  the  chords  of  the  meafured  bafes,  and  the  angles 
formed  by  the  chords  of  the  other  fides  of  the  triangles  (which 
angles  might  then  be  found  from  the  horizontal  ones)  inftead 
of  the  obferved  angles. 

In  the  application  of  plane  trigonometry  to  the  obfervations^ 
that  part  of  the  earth's  furface  to  which  tiie  operation  has  been 
confined,  is  confidered  as  a  plane,  and  the  meafured  bafes  as 
right  lines  on  that  plane ;  but  whether  the  computations  are 
made  on  this  principle,  or  attempted  on  that  of  taking  the 
bafes  and  the  other  fides  of  the  triangles  as  chords^  there  feems 
to  be  no  certain  rule  for  reducing  the  obferved  angles  of  each 
triangle  to  180'',  fo  as  to  give  the  diftances  the  moft  corre6t, 
which  would  aifo  be  the  cafe  if  the  angles  of  each  triangle  had 
been  taken  in  the  {zmQ  plane  1  hence  it  is  evident^  that  the 
method  of  correftion  has  been  in  fome  degree  arbitrary; 
for,  though  the  fum  of  the  three  obferved  angles  of  each  tri- 
angle is  in  general  very  near  what  it  ought  to  be  (taking  the 
earth  as  a  fphere)  1  yet,  when  that  fum  is  not  exadly  180% 
in  reducing  them  to  plane  ones,  each  obferved  angle  may  be 
taken  as  a  plane  one,  and  the  other  two  augmented  in  cafe  of  a 
defed ;  but  each  ought  to  be  diminifhed  when  there  is  an  ex- 
cefsin  the  obferved  fum.  In  making  thefe  redudions,  however, 
it  is  evidently  neceffary  to  confider  whether  each  of  the  obferved 
angles  is  equally  well  afcertained,  and  corred  them  accordingly  ; 
but  this mufl  be  left  to  the  judgement  of  the  obferver. 

From  the  foregoing  confiderations,  it  follows,  that  the  an- 
gles of  the  triangles  taken  as  plane  ones  may  be  varied  to  cer- 
tain limits,  and  confequently  the  oppofite  fides  deduced  there- 
from mufl  vary  to  certain  limits  alfo  1  but  it  is  evident,  that  a 
mean  of  the  extreme  refults,  obtained  in  this  manner,  will  be 
ytry  near  the  truth  y  and  therefore  this  method  of  making  the 

comparifon 
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domparlfon  feems  iefs  liable  to  objedlon  than  that  by  a  fingle 
corredioti  of  the  fame  angles.  Accordingly,  if  we  vary  the 
angles  (in  reducing  them  to  1 80^)  from  Houtiflow  Heath  to  the 
XIII  triangle,  fo  as  to  produce  the  greateft  and  ieaft  effe£ls  on 
the  lengths  of  the  oppofite  fides,  there  will  refult  141750I 
and  14x746!  feet,  nearly,  for  the  greateft  and  Ieaft,  and 
141748I  for  the  mean  diftance  of  Fairlight  and  Hollingborn. 
In  like  manner,  the  bafe  on  Romney  Marfll  will  give 
141 745.6  and  1 41 744.4  feet,  nearly,  and  the  mean  141 745 
feet,  for  the  diftance  of  the  fame  ftatlons;  the  diiFerence  in 
the  mean  refults  is  3I  feet  on  a  diftance  of  near  27  miles; 
and  therefore  the  bafe  on  Ho^nflow  Heath  meafures  the  other, 
by  thefe  determinations,  to  about  9  inches ;  and,  becaufe  the 
latter  bafe  is  the  longeft,  it  would  meafure  the  former  on 
Hounflow  Heath  to  fomething  lefs. 

The  diftance  of  the  ftations  of  Fairlight  and  Hollingborn  in 
the  XIII  triangle  is  141 747.1  feet,  and  from  this  all  the  dif* 
tances  to  theeaftward  are  computed  ;  but  if  the  bafes  are  mea- 
fured  equally  exaft,  the  diftance  of  the  above  ftations,  or 
141 745  ittt^  determined  from  the  bafe  on  Roriiney  Marfti, 
muft  be  more  corred  than  the  other,  becaufe  the  connection  of 
Fairlight  and  Hollingborn  with  this  bafe  is  formed  by  three  or 
four  triangles  only,  whereas  on  the  other  fide,  the  computation 
runs  through  eight  or  nine.  The  difference,  however,  is  but 
2  feet,  and  that  in  an  extent  of  almoft  27  miles,  which  will 
make  about  7!  feet  lefs  for  the  diftance  between  the  meridians 
of  Greenwich  and  Paris. 

Among  the  angles  correded  for  computation,  it  will  be  per- 
ceived, that  fometimes  the  quantity  of  an  angle  feems  not  to 
be  exaftly  what  the  obferved  angle  ought  to  give.  In  thefe 
cafes  the  obferved  angle  is  lefs  to  be  depended  on  than  the 
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others  of  the  ikoje  triaogle:  for  irtftance,  in  the  firfl  triangle 
the  obierved  angle  at  Hanger  Hill  ib  42''  ^^  ^z^\  and  that  for 
cornputation  42"*  z^  3^^  I  i^ow  this  angle  was  not  taken  fo 
accurately  as  could  be  wifhed,  but  the  others  were  repeatedly 
obferved. 

P.  178.  in  the  XXIX  trianglevj^r  186113^5^/  147386.9. 

P*  1 80.  in  the  XXXIV.  triangle, j^r  252469.9^///  252496.9. 

As  the  obfervations  at  Fairlight  and  Dover  are  omitted,  upon 
which  the  angles  of  the  XXXIII  and  XXXIV  triangles  de- 
pend, it  will  be  neceflkiy  to  give  them,  and  alio  fhew  the 
manner  of  obtaining thele  angles. 

At  Dover  Caftle,  the  angle  between  the  white 
light  at  Montlambert  and  the  lamp  atiPadlef-        ^      ^ 
worth  was  obferved         .         •         •         .  ID9     8125.5 

Cqrre£ted  for  computation         .         ♦         .         109     8  25 

At  Fairlight,  the  angle  between  the  white 
lights  at  Moatlambert  and  Blancnez  was  ob- 
ierved       >•         .         »  ,         .  ,  17  i^     5 

i?or  computation  .  •  ♦  17  46    :2.$ 

Between  the  lamp  at  I^yid  and  white  light  at 
Blaiicnez  *  •  .  .  iS     2  31 

For  computation  .  .  .  iM     2  31.5 

O^he  acute  angles  in  the  XXXII  triangle  refult  from  lAie 
other  angiea^idincludir^g  fides  1 473^86.9  and  42561  .i8» 

^  .  ,.  ,         fin  the  XXIX  triangle       i^  ^8     2.9^ 

Angle  at  Fairhght     \  .     .     ^^^u  *.  •      t       ^    a 

^  ^         I m  the  XXXII  triangle       6     639.43 

Angle  at  Fairlight  between  Dover  and  lipdd        7  31   23.52 
Angle  at  Fairlight  between:Lydd  and  Mont- 
lambert  (17^46' 3'^!  + 18^  2^3 i^'i)  .  35  48  35 

Angle  at  Fairlight  in  the  XXXni  triangle        43  19  58.52 
,1  Angle 
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Angle   at  Dover  between   Padlefvvorth  and 
Montlambert  .  .  .  109     8  25 

M        at  Dover  in  the  XXXII  trifingle  21  37  55-42 

Angle  at  Dover  in  the  XXXIII  triangle  •  87  30  29,58 
The  third  angle,  or  49''  9^  3^^^'9  ^^  Montlambert,  is  the 
fupplemental  one. 

If  from  the  angle  at  Fairlight  in  this  triangle  we  take 
17^  46^  3'"^!  we  have  25^  33^  55''''*<?2  for  the  angle  at  Fairlight 
in  the  XXXIV  triangle;  and  if  to  87^  30'  29''»58  we  add 
23''  25''  d^^25(t]he  angle  at  Dover  in  the  XXXV  triangle)  it 
gives  no'' 55''  29^^.83  for  the  angle  at  Dover;  that  at  Blanc- 
nez  is  the  fupplemental  one. 

The  fituatiop  of  the  ftation  at  Montlambert,  as  determined 
by  the  obfervations  made  on  this  fide  of  the  Channel,  has  not 
however  totally  depended  on  thofe  made  at  Fairlight  and  iDover ; 
another  obfervation  at  OPadlefworth  has  been  uled  by  way  of 
check,  or  verification.  This  was  made  in  a  very  favourable 
ftate  of  the  air,  when  the  angle  between  the  flag-ftafF  at  Do- 
ver and  maft  at  Montlambert  was  found  to  be  58^  2  7^  ii^^'l, 
which  is  nearly  what  refults  from  corpputation  ;  for  42561.18 
and  168821.07  feet,  the  reipeftive  drftances  of  Dover  from 
Padlefworth  and  Montlambert,  with  the  included  angle  109^ 
8^  25%  give  this  angle  J 8^  27^  lo'^.g. 

It  ought  to  be  ren:iarked,  that  the  angle  at  Blancnez    1 19^ 

41^  28^^9,  communicated    by  M.  Cassini,  is  an   horizontal 

one;  that  of  the  XXXV  triangle,  or  119^  4i^4i'^6,  is  the 

refult   of   a   computation    by  plane   trigonometry,    which,  if 

accurate,  fliould  be  lefs  than  the  horizontal  one  at  the  fame 

point,  and  therefore  the  maxhmm  of  tho  difference  mud  be 

femewh at  greater  than  i2''^.7. 

^  P. 
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P*  182.  &c.  The  triangles  after  the  XXXVI^  and  what  fol- 
lows to  the  end  of  the  article,  do  not  feem  neceffiiryj  on  oiir 
part,  to  complete  the   triangular  connection  between  Green- 
wich and  Paris,  becaufe  it  may  be  done  in  the  following  man« 
ner  from  the  triangle  formed  by  Dover,  Calais,  and  Dunkirk. 
In  this  triangle,  the  fide  between  Dover  and  Calais  is  137449*9' 
feet  (fee  the  XXXVI  triangle);  and  by  M,   Cassini's  Paper, 
communicated  in  1789,  It  appears,  that  the  fide  between  Ca- 
lais and  Dunkirk  is  19349.34  toifes  (rz  123729.3  ittt)^  and  the 
included  angle  at  Calais  139''   17^  35'''»6  ;  thefe  give    19''  14^ 
I3''^i  and  21''  28''  ii^^3  for  the  other  two  angles,  and  244919 
feet  for  the  diftance  of  Dover  and  Dunkirk;  alfo  28232.7  for 
what  Dunkirk  is  fouthward,  and  243287  feet  for  what  it  is 
eaflward,  from  Dover !  this  laft  added  to  307366.8,  the  dif- 
tance  of    Dover    from   the    meridian    of    Greenwich,    gives 
547053.8  feet  for  what  Dunkirk  is  eafl:  from  the  meridian  of 
Greenwich  on  a  parallel  to  the  perpendicular ;  but  the  length  of 
the  arc  of  the  great  circle  which  paffes  through  Dunkirk,  and 
is  perpendicular  to  the  meridian  of  Greenwich,  is  very  near 
the  fame  as  the  length  of  this  parallel,  or  547053.8  feet  (though 
accurately  fomewhat  lefs) ;  hence,  if  we  take  61247I  f^^^- = 
i^,  we  have    1^29^  ig^^^i    for  that  arc,  and  the  latitude  of 
Dunkirk   being    51'' 2^  9^^ 3    (See  Se£t.  VL  Art.  12.);  there- 
fore,   cofine   51''    2^   9^''*3  •  ^^^^  ••  fiiie  i"  29^"  19^^!  :  fine  2"" 
22^  3''^8   the  longitude   of  Dunkirk   (agreeing  with  that   iix 
Art.   12.)  ;  and  rad.  :  tang.  51°  2^  ^^^'^  ::  tang.  1°  29^  19^^!  : 
cofine  88"  9^  34^^^  for  the  other  angle  of  this  triangle  of  which 
the  co-latitude  of  Dunkirk  is  the  hypothenufe. 

Dunkirk  is  eafl:  from  the  meridian  of  Paris  141 6,  or  1430 
toifes  (fee  Art.  12.  Se6l.  VL),  a  mean  of  thefe  give  i'  29'^i4 
as  an  arc  of  a  great  circle  ;  this,  with  the  co^atitude  of  Dun- 

5  kirk. 
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kirkfor  the  hypothenurej  will  give  89"*  58^  10^'''  for  the  angle  be- 
tween the  meridian  and  this  arc  ;  hence  Sp"" 58^  10'^  -  88^  9  34-'^ 
—  i"^  48^  3//''  is  the  angle  at  Dunkirk  between  the  two  arcs ; 
Sue  perpendicular  to  the  meridian  of  Greenwich,  and  the  other 
to  that  of  Paris;  therefore,  If  we  take  1416,  or  1430  toifes,  as 
the  leg  of  a  plane  triangle  adjacent  to  this  angle,  we  get  9059, 
or  9148I  feet,  for  the  diftance  of  the  meridian  of  Paris  from 
Dunkirk  on  a  great  circle  perpendicular  to  the  meridian  of 
Greenwich;  thefe  taken  from  547053.8  will  leave  5S7994-'^ 
or  537905V3  feet,  for  the^ diftance  between  the  meridians  of 
Greenwich  and  Paris  on  that  circle,  according  as  Dunkirk,  is 
141 6  or  1430  toifes  from  the  meridian  of  Paris. 

Should  it  be  thought  miore  accurate  to  make  ufe  of  the  diftance 
between  Calais  and  Dunkirk,  according  to  the  fcale  in  the 
XXXV. triangle  deduced  from  the  Englifti  obfervatiohs  acrofs 
the  Ghannel,  it  is  had  at  one  proportidn  thus ;  as  12077,85 
toifes  (the  French  diftance  between  Blancnez  and  Montlam- 
bert)  is  to  77235  feet  (the  Englifti  diftance)  fo  is  19349.34 
toifes  (the  French  diftance  of  Calais  and  Dunkirk)  to  123734.5 
feet,  as  in  the  XL  triangle,  %vhich  exceeds  the  French  diftance 
about  5  feet :  this  will  give  the  diftance  between  the  meridians 
of  Grenwich  and  Paris  4.4  feet  more  than  the  above  determina- 
tion. But  was  the  bafe  on  Romney  Marfli  adhered  to,  it  would 
give  the  diftance  about  3  feet  lefs;  and  therefore  the  refultsof 
the  French  triangles  on  their  coaft  would  agree  nearer  with  the 
deduftions  from  this  bafe  than  from  the  other  on  Hounflow 
Heath, 

P.  187.  in  lines  i .  and  8.  for  358.6  put  349.41  ^^^^  confe- 
quently  in  line  10.  for  133409.8 //^f/  ^334^9'  T^'^s  error  is  the 
caufe  of  the  difference  in  the  diftances  of  the  parallels  of  latitude 
of  Greenwich  and  Paris  as  given  in  Art.  10.  and  13.  Se£l:.  VL  : 

for^ 
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for,  in  pages  185.  187.  we  have  133746.3  and  1337684  fath* 
the  diftances  of  Dunkirk  north  from  Paris,  the  mean  is 
13375745  if  from  this  we  take  358.69  we  have  ^33398. 8,  as 
In  Art.  10.;  but  fubtra^ling  349.4,  gives  133408  for  what  M 
is  north  of  Paris,  which  added  to  27248.2  there  refults 
160656.2  agreeing  with  that  in  Art.  13. 

P.  190,  191.  It  will  immediately  be  perceived,  that  the 
columns  in  the  table  of  general  refults  here  alluded  to,  have 
been  filled  by  a  method  fimilar  to  that  of  working  a  traverfe^ 
The  following  table,  however,  w|s  previoufly  drawn  up  to 
facilitate  the  computations,  and  by  which  the  numbers  in  the 
two  firft  columns  of  diftances  may  at  any  time  be  eafily  exa- 
muied. 

This  table  will  readily  be  underftood ;  for,  if  we  fuppofe 
parallels  to  the  meridian  of  Greenwich  to  be  drawn  through 
the  ftations  on  the  left,  oppofite  on  the  right  are  the  angles 
which  the  adjacent  ftations  make  with  thefe  parallels. 


Greenwich  ObL 
Norwood 

Hundred  Acres 


Hanger  Hill  «         i 


Norwood 

38     7 

Greenwich  Obf. 

38     7 

Hundred  Acres 

42  22 

Hanger  Hill 

49  31 

Norwood 

42  22 

Hanger  Hill 

19  50 

St.  Ann's  Hill     . 

73  48 

Norwood 

49  31 

Hundred  Acres 

19  50 

Hampton  Poor-houfe  23  30 

St.  Ann's  Hill      • 

48  34 

King's  Arbour     . 

65  33 

16  sw 
16  NE 
59.2  SW 
22.7  NW 

39.2  NE 
1.7  NW 

38.3  NW 
22.7  SE 

1.7  SE 

53.4  SE 
42.2  SW 
27.4  SW 

Hampton 
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6ot 


Hampton  Poor-houle 


Klng^s  Arbour 


St.  Ann's  Hill    * 

Greenwich  Obf,     • 
Severndroog  Caftle 

BbtleyHUl        . 


Fraht 


Wrotham  Hill     . 
Vol.  LXXX. 


'  ■      .:  :  /  Of 

Hanger  Hill  .  23  ^o 
King's  Arbour  ,  44  24 
St.  Ann's  HIU.  74  8 
THanger  Hill  ,  (i$  33 
I  Hampton  I^or-  houfe  44  24 
1  St.  Ann's  Hill  .  39  49 
[Windfor        .  87  29 

S King's  Arbour  .29  49 
Hanger  Hill  .  48  34 
J  Hampton  Poor-houfe  74  8 
I  Hundred  Acres  .  J^  48 
(.Windfor        .  29   19 

Severndroog  Caftle     ']'^  49 

Greenwich  Obf. 

Botley  Hill       . 

.Wrotham  Hill     . 

Severndroog  Caftle 

Wrotham  Hill     ; 
1  (jQudhurft 
[Frant 

r  Botley  Hill         . 
I  Wrotham  Hill      . 
<Hollingborn  Hill       SS 
j6oudhurft         .  83 

( Fairlight  Dowrn         45 


53.4  NE 
45.6NW 
40.9  SW 
27.4  NE 
45.6  SE 
49.4NW 

43.1  NW 
49.4  NE 

42.2  NE 
40.9  NE 

38.3  SE 

24.6  NW 

34    SE 
34    NW 
18.5SW 
30    SE 
18.5NE 

28.7  NE 
49.3  SE 
20.3  SE 
20.3  NW 
57.7  NE 

^S'l  NE 
11.4NE 
22.7  SE 
f  Severndroog  Caftle     46   18  30    NW 


73  49 
II   23 

46   18 

II   23 

79  16 

60  38 

43  28 
43  28 


50 

24 
17 


\  Botley  Hill 
^Frant 
I  Goudhurft 
I  Hoilingborn  Hill 
4  I 


19 
6 

25 
17 


16 

12 

31 


2S.7SW 

57.7  SW 
14.7  SE 
25.7  SE 
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Goudhurft 


Fairlight  Down 


Hollipgborn  Hill 


Teiiterdeii  Church 


Ljdd  Chiircli 


Hollingborn  Hill 

Tenterden 

Fairlight  Down 

Frant 

Botley  Hill        • 
LV/rotham  Hill     • 

Frant  • 

Goydhurft 

HolUngborn  Hill 
^  Tenterden 
[  Allington  Knoll 
{Lvdd 
I  Blancnez 
tMontlambert 
^Wrotham  Hill 

Frant  • 

Goudhurft 
I  Fairlight  Down     . 
!  Tenterden 

Allington  Knoll 
f  Hollingborn  Hill 
[Goudhurft       ]  . 
1  Fairlight  Down 
[Lydd  . 

•^Allington  Knoll 
''Fairlight  Down 
Tenterden         • 

Ruckinge 
r  Allington  Knoll 

High  Nook 
Padlefworth 

Folkftone  Turnpike 


i 


I 


38  51  47.3  NE 

7^  54  53-3  SE 
23  15  17.5SE 
82  24  11.4SW 
60  3§  49.3lsfW 

^5  12  14.7NW 
45  17  22.7NW 
23    15    17.5NW 

3     8  32.3  NE 
12,5  40*9  NE_, 
45  46  2i»3  NE^ 
67    4  58-3  NE 
85     7  29.7  NE 
77     6  26.7SE 
77  21  25.7 NW 
5S  ^9  35-3SW 
38  51  47-3  SW 

3     8  32.3  SW 
^5  46  56.8  SE 

45  47  55^7  SE 

5  46  56.8NW 
72  54  S3^3  NW 
12    5  40.9  svv 
$<^  27  iiJSE 
85  47  25.3  NE 

67    4  58.3  SW 
50  27  U.6NW 

6  16  20.4NW 
12  46  58.3^6 
37    4  28.1  NE 
41   10  52.6  NE 
50  49  22    NE 

Ruckinge 
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6©3 


'Lydd 

6  iS  20.4 SE 

Ruckinge 

<  High  Nook 

S5  15     9-8  SE 

^Allington  Knoll 

70  25  31.6NE 

■"Hollingborn  Hill 

45  47  55-7 NW 

Tenterden 

85  47  25-3  SW 

Fail-light  Down 

45  46  21.3SW 

Allliigton  Knoll     •      < 

Lydd 

12  46  58.3  sw 

High  Nook 

21        1     47.8SE 

LFolkftone  Turnpike 

82  56  I8.9NE 

'Allington  Knoll 

21     I  47.8  NW 

Ruckinge         . 

SS  15     9-8NW 

High  Nook        *          < 

Lydd 

37    4  28.1  SW 

Folkflone  Turnpike 

58  ^<)  12.6  NE 

Padlefworth 

43^  50  47-1  NE 

"High  Nook 

43  50  47.1  SW 

Lydd 

41  10  52.6  sw 

Padlefworth 

Folkftone  Turnpike 

64  I S  47.4  SE 

Dover  Caftle      , 

8x   II  30.1  NE 

Swing-field         » 

44  47    7.1  NE 

rLydd 

50  49  22    SW 

High  Nook 

58  39  12.6SW 

Allington  Knoll 
Padlefworth 

82  s^  18.9SW 

FolkAone  TEmpIke 

64  18  47.4  NE 

Swingfield         : 

3  51     7.8  NW 

-Dover  Caflle      . 

65  52  45.6 NE 

'Padlefworth 

44  47     7.2  SW 

Swingfield         ._           ^ 

Folkflone  Turripike 

3  51     7.8  SE 

.Dover  Caftle 

79  27  47.8  SE 

■4'  I'  2 


Dover 
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^Swingfield  79  27 

Padlefworth  81    11 

Folkftone  Turnpike   6^  52 


Dover  Callle 


27  s(> 

SI  21 


64 
83 


22 


Montlambert 

Blancoez 

Calais 

Dunkirk 

—  by  M-  Cas-' 
siNi's  diftance  of 
Dunkirk  and  Calais  83  22 

Point  M         .  82  33 


47I8NW 

30.1  sw 
45.6  sw 

54.8  SE 
55.1  SE 
37.1  SE 

52.9  SE 


50.2 
14.4  SE 


The  difference  between  the  complement  of  82"*  33^  i4''''«4  and 
the  angle  at  M  in  the  XL  triangle  is  14''  5i^3^^*9,  the  angle 
RMC  referred  to  in  Art.  lo,  and  11.  Se^.  VI- 

P.  194,  It  is  faid,  that  the  angle  ABt>  (PL  X.  fig.  2  )  is 
equal  to  the  angle  BAr,  and  confequently  at  p.  199.  that  the 
fum  of  the  obferved  angles  PAB,  PBA,  are  equal  to  the  fum 
that  would  be  found  on  a  fphere.  This  (though  extremely 
near  in  any  of  the  fpheroids  hitherto  affhmed  for  the  figure  of 
the  earth)  is  not  geometrically  true  when  the  points  of  obler- 
vation  are  on  the  furface  of  the  fpheroid^  and  each  angle  taken 
exadly  in  the  plane  of  the  horizon.  For,  it  is  evident,  that  to 
have  the  fum  accurately  the  fame,  the  points  A,  B  (the  places 
of  obfervation)  muft  be  at  equal  diflances  from  G  and  W ;  and 
therefore,  if  at  any  two  points  thus  taken  in  the  verticals  GA, 
WB,  the  angles  are  fuppofed  to  be  in  planes  parallel  to  the 
i-efpedive  horizons  at  A  and  B,  their  fum  will  always  be  the 
fame.  Hence,  becaufe  the  vertical  WB  is  greater  than  GA, 
if  the  angles  are  accurately  horizontal  ones  at  A  and  B,  their 
fum  muft  be  greater  on  the  north  iide^  and  lej$  on  the  fouth, 

than 
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than  on  a  fphere,  except  the  latitudes  of  A  and  B  are  the  fame. 
The  difference,  however,  is  fo  minute,  that  fo^  pur- 

pofes  they  may  be  confidered  as  equal  (as  in,  this  Seftion  and 
the  corollary,  p.  215.),  without  fenfible  error.  In  the  example 
at  p»  196.  the  difference  in  the  fum  of  the  horizontal  angles  at 
A.  and  B  on  this  fpheroid,  and  on  a  fphere,  is  a  fmall  fra£tion 
of  a  fecond ;  but  it  requires  a  nice  computation  to  difcover  the 
exad  quantity.  The  method,  however,  is  to  compute  the 
angle  at  B  in  the  fame  manner  as  that  is  done  at  A  j  or  by- 
taking  the  point  of  obfervation  in  the  vertical  GA  produced, 
168  fathoms  (the  difference  of  the  verticals ,  WB,  G A)  above 
the  furface  at  A,  and  determining  the  diminution  in  the  hori- 
zontal angle  by  a  re-computation. 

By  purfuing  a  method  of  computation  iimilar  to  that  for  the 
point  A  at  p.  196.  it  is  evident,  that  the  three  horizontal  angles 
of  any  triangle  on  a  known  fpheroid  may  be  determined. 

P.  195.  bottom  line,  j^r  AGH /^^^AGK, 

P.  203.  There  feems  a  miftake  towards  the  latter  part  of 
this  page;  becaufe  it  will  be  feeri,  that  11^  fuch  fpherical  tri- 
angles have  been  ufed  in  the  computations  but  in  Art.  IIL 
p.  206. 

P.  205.  1.  13.  from  bottom.  This  muft  allude  to  one  place; 
of  obfervation  only  ;  becaufe  in  this  operation  (where  the  lati- 
tudes have  not  been  obferved)  a  principal  adirantage  lies  in  hav- 
ing one  of  the  ftations  (like  Botley  Hill)  on,  or  near  the  meri- 
dian of  Greenwich,  on  account  of  obtaining  its  latitude  pretty 
exad ;  but  the  farther  off  the  other  place  of  obfervation  isj^ 
the  better  it  is  for  the  purpofe. 

P.  207.  In  1.  14.  from  bottom?  j^r  ::  V^  put  ::  fine  P^« 

P.  208.  from  L  5v  to  the  period  in  1.  12.  from  bottom>  fhould 

run  thus : 

If 
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If  the  latitude  of  the  point  B  was  given,  and  the  earth  a 
fpherc,  the  co-latitude  BP  and  the  obferved  angles  PBGrr 
119^  zi'  i^'.z,  and  PGB=:6o^  17^  ^S'^-/^  would  give  PG 
the  co-latitude  of  G,  and  the  angle  BPG  the  difference  of 
longitude  of  B  and  G. 

Taking  a  fphere  whofe  diameter  is  nearly  a  mean  between. 
thofe  in  M.  Bouguee's  fpheroid,  the  length   of  a  degree  of  a 
great  circle  is  60859.1  fathoms,  and  the  latitude  of  B  will  be 
51^   16^  4^'^.45;    therefore  BPrr 38^  43^ 1 8'^54;    this,  with 
the  obferved  angles  at  B  and  G,  give  PG=r38''  ^"^^  6^^.72,  and 
the  angle  BPG,  .or  difference  of  longitude  :==  '^7^  3^^^*J  I  there- 
fore in  the  right-angled  fpherical  triangle  PRG,  rad.  :  tang.  GP 
::  cofine  angle  RPG  :  tang.  38°  ^^^  3^^*47  ==  ^^  J  ^^^^  ^^d*  :  fine 
GP  ::  fine  RPG  :  fine  i^  20"^ -KG. 
P.  209.  L  9.  for  51^  16'  ^6''  put  51°  16'  46'^!. 
P.  213*  Correct  the  title   of  this   Article,  by  reading  geo^ 
detkal  meajurement  for   ^^  pole-Jiar   ohfQTvations^''    in  the  firft 
line. 

P*2I7.  After  the  word  ^^  meridian'',  in   the  third  line  of 
Art.  X.   inftead  of  "  and  alfo  the  differences  of  latitude  and 
longitude  have  been  obtained  by  very  accurate  obfervations  of 
the  pole-flar  made  at  certain  ftations  to  the  eaflward  of  Green* 
wich,'',    r^^i  and   alfo  the  difference  of    longitude    between! 
Botley  Hill  and  Goudhurfl:  have  been  obtained  by  obfervations 
of  the  pole-ftar,- — A  correftion  of  this  kind  feems  neceflaryji 
becaufe  the  pole-flar  obfervations  have  not  been  nfed  in  finding 
the  differences  of  latitude.     From  the  directions  of  the  meri-- 
dians  at  the  above  flations,  the  value  (in  parts  of  a  degree)  of 
the  meafured  arc  of  a  great  circle,  perpendicular  to  the  nieri- 
&n,  has  been  determined ;  hence  the  lengths  of  the  degrees 
in  the  Table,  p.  227.  have  been  inferred.     The  diftances  from 
4  th^ 
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the  meridian  of  Greenwich  (in  the  Table  of  General  Befults) 
have  been  converted  into  degrees,  &c.  according  to  this  Ta- 
ble; and  the  others  from  the  perpendicular  in  the  next  co- 
lumn, according  to  M.  Bouguer's  fcale  on  the  meridian 
(which  is  had  fufficiently  accurate  from  the  Table,  p.  298;  Fig. 
de  laT.  or  that  at  p.  228.  PhiL  Tranf.  1787,  by  an  eafj 
approximation)  thefe  meridional  arcs  applied  to  the  co-latitude 
of  Greenwich,  with  the  other  arcs  perpendicular  to  the  meri- 
dian, form  the  legs  of  the  triangles  by  which  the  latitudes  and 
longitudes  of  the  ftations  have  been  computed.  The  meri- 
dional arcs,  however,  have  been  corrected,  as  in  the  example 
in  this  Article  (where  the  value  of  Rr  has  been  added)  when 
the  diftances  of  the  flations  from  the  meridian  of  Greenwich 
jSre  eoniiderable. 

In  determining  the  latitude  of  M  in  this  Article,  a  fpheroidi- 
cal  corredjon  has  been  applied  to  the  refult  by  fpherical  trigo- 
nometry, as  in  Art.  VII.  but  that  computation  is  made  on  a 
figure  of  known  dimenlions,  and  confequently  the  latitude  of 
r  (fig.  7.)  is  given  *y  bit  It  does  not  follow,  that  the  true  lati-i* 
tudeof  r  (fig.  10.)  would  exaftly  correfpond  with  M.  Bou- 
^uer's  hypothefis,  though  the  length  of  the  whole  meridional 
are  between  Greenwich  and  Paris  is  found  to  agree  extremely 
near ;  and  therefore  no  corre£tion  of  this  kind  is  applied  to  the 
other  latitudes  ii^  the  Table  of  General  Refults. 

The  greateft  accuracy,  however,  is  abfolutely  neeelTary  in 
determining  the  dire6:ions  of  the  meridians  if  we  would  derive 
fatisfaiSory  conclufions  therefrom,  when  the  places  of  obferva- 
tion  are  obliquely  fituated  with  refpeft  to  the  meridian,  and  at 
IX  diftance  from  each  other  not  greater  than  that  between  Botley 
Hill  andGoudhurft,  becaufe  an  error  of  i^'  in  the  horizontal 
angle  at  either  of  thefe  places  will  produce  an  error  in  their 

difference 
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difference  of  longitude  of  i^^2  of  a  degree,  and  confequently 
a  variation  of  about  6^^  in  the  longitude  of  Dunkirk  or  Paris, 

Was  the  diftance  of  the  ftations  about  36  miles,  the  error 
in  longitude  would  be  the  fame  as  that  in  the  horizontal  angle^ 


or  i^^\ 


The  length  of  the  arc  RG  (PL  X,  %.  5«)  is  ^y(><)S  fathoms, 
and  its  value  1  Y  2o''^q6  as  an  arc  of  a  great  circle  perpendicular 
to  the  meridian*  Now,  was  the  earth  a  fphere,  the  length 
of  any  arc,  would  be  to  the  number  of  degrees  it  contained,  as 
17695  to  lY  20^^06 ;  but  this  is  not  accurately  the  cafe  on  a 
fpheroid  ;  though,  on  this  account  only,  the  error  in  longitude 
(which  is  in  defeat)  deduced  from  an  arc  of  a  great  circle  ob- 
tained in  the  above  manner,  muft  be  fmall  to  the  extent  of  3 
or  4  degrees  (in  the  latitudes  of  the  places  of  obfervation)  on 
a  fpheroid  not  more  oblate  than  the  earth. 

It  may  be  obferved,  that  in  determining  the  differences  of 
longitude  by  the  pole-ftar  obfervations,  the  ftations  (hould  be 
as  nearly  eafc  and  weft  from  each  other  as  the  nature  of  the 
country  will  permit,  becaufe  in  that  diredioii,  any  errors  which 
may  be  thought  to  arife  from  the  uncertain  inclination  of  the 
verticals  on  the  fpheroid,  will  vatiifh;  and,  what  is  of  more 
confequence,  a  longer  arc  of  a  great  circle  perpendicular  to 
the  meridian  will  thereby  be  determined  than  could  be  in  any 
other  diredion  with  the  fame  diftance.  On  this  account  the 
ftations  at  Botley  Hill  and  Hollingborn  Hill  (for  one  is  feen 
from  the  other)  are  eligible.  Their  diftance  is  about  28I 
miles>  which  would  meafure  near  24''  of  a  degree  of  a  great 
circle  perpendicular  to  the  meridian, 

P.  220.  Art,  XL  feems  to  want  corredion  :  for,  if  M^  is 
a  lefler  circle  parallel  to  the  meridian  GR,  it  will  cut  the  great 
circles    rMy  Qg*,  at    right   angles.      Hence,     RMC  -  RMr 
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(fif  51'  3'^.9-  I9^42)=:i4^  5d^  44^^5  =  rMC,  which  added 
to  po""  {rMg)  gives  104''  50^  ^4'^S  for  the  angle  ^MC ;  from 
this  take  i""  48^  ^V'.(>  (PM^),  and  we  have  103°  a^  5^^9  for 
the  angle  PMC  deduced  according  to  this  method.  But  it  can- 
n:Ot  be  faid  to  refult  from  the  Britifh  obfervations,  becaufe  the 
French  angles  were  niade  uie  of  to  the  eaftward  of  Dover  for 
obtaining  the  angle  RMC,  oii  which  it  depends. 

P,  227.  The  lengths  of  the  degrees  of  longitude  in  the 
Table  were  found  thus :  as  radius  :  cofme  of  the  latitude  :: 
length  of  a  degree  of  a  great  circle  perpendicular  to  the  meri- 
dian :  length  of  a  degree  of  longitude.  This  proportion  is 
true  on  a  fphere,   but  not  accurately  fo  on  a  fpheroid. 

P.  229.  for  43^  39^  put  48''  /^^\  the  latitude   of  St,  Malo. 

As  the  new  longitudes  in  this  Table  have  not  all  been  obtained 
in  the  fame  manner.  It  may  not  be  improper  to  give  the  me- 
thods of  computation. 

The  latitude  of  Stralbourg  (JDefirip.  Geom.)  is  48''  34'  50^^", 
and  its  diftance  from  the  meridian  of  Paris  204779  toifes 
(=218243.17  fathoms)  which,  if  we  take  61225  fathoms=  i"" 
(fee  the  Table,  p.  227.)  gives  3""  23'  5^^^'^i  hence,  as  cofine 
48'  34'  50''  :  rad.  ::  fine  3'  33'  52''. 6  :  fine  3°  23'  ^S"'  ^he 
longitude. 

In  the  Connoljfance  des  Temps  1788,  the  latitude  of  Straf- 
bourg  is  48"^  34^  35''^,  longitude  5''  26^  l%^^ %  therefore,  as 
rad.  :  cofiue  48^134^  35^^  ::  fine  5^  %(/  1%'^  :  fine  ^  ^5  4-^'^ ^3^ 
the  arc  of  the  great  circle  (from  which  its  longitude  was  com- 
puted) paffing  '  through  Stralbourg,  and  falling  perpendicular 
on  the  meridian  of  Paris. 

According  to  the  Advertlfement  in  the  Map  of  France,  the 
French  computations  have  been  made  with  a  degree  containing 
57060  toifes   (  =  608 1 1*7   fathoms);  therefore,  if  we   reduce 

Vol.  LXXX,  4  K  3^ 
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S  %^  4^'^*d  ill  ^^  pfoportioo  of  61225  to  60811.7,  we  have 
3""  34^  i4''^*9  for  the  value  of  that  arc  wbeti  612^25  fathoms  is 
==  i"" ;  hence  cofine  48''  34^  35''''  :  rad  ::  line  3"*  34^^  I4''^.9  :  fine 
5°  24^  6^^,  the  other  longitude  of  Strafbomrg.  By  the  latter 
method  the  longitude  of  Cordouan  was  computed;  but  the 
other  longitudes  according  to  the  former.  The  diftainces  from 
the  meridian  of  Paris  are  to  be  found  in  the  publications 
alluded  to  in  the  above  page^ 

R  2^z.  In  the  Table  of  General  Reiults,  j^r  i''  8^  9^^  and 
4  m.  32  s.  36th,  put  1°  8''  4^''  and  4  m.  32  s.  i6th. 
the  longitude  of  Padlefworth. 
Againft  Calais,  for  7  m.  23  s.  15. 8th.  fuf  7  m.  23  s» 

15.2th. 
Againft   Fairlight  Down,    in  the  lafl*  column  but 
two,  for  sjg.s  pm  593.^. 
Pv  239.  1.  ^5'forBg.  12.  put  fig.  1^. 
P.  242.  L  la.  from  bottom,  y^r  $^  55^^ p^^  %•  3^  35^^* 
P.  243.  L  i;^.  for  OWT  put  OK^.    \.^.  from  bottom,^^ 
kt  "^xxi  kL. 

P.  224.  I.  II*  for  f%  put  *]l. 

In  the  Table  facing  p.  246.  in  the  column  of  mean  refrafffm^ 
for  o^  i§'\^  put  i'  28^^ I. 

In  addition  to  the  examples  of  refra£tion  in  Seft.  VIL  the 
following  (which  was  overlooked  when  this  part  was  drawn  up) 
may  not  improperly  be  given,  as  being  of  a  different  kind.  It 
Ihews,  that  terreflrial  refraction  (though  often  much^r^^/^r)muft, 
at  particular  times,    be  much  kfs  than  is  generally  fuppofed. 

Od.  7,  1787,  at  the  ftation  near  Padiefworth,  the  depref- 
fion  of  the  horizon  of  the  fea,  in  a  SW  diredion  nearly,  was 
obferved  26^  ^7'^v  A  degree  of  a  great  circle  in  this  dire£Hon 
is  about  61000  fathoms,  and  therefore  61000  x  6  XS'ja^SJ'jgs 
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m  fop^of  II  feet,  will  be  the  radiws  of  curvature  aearly.  The 
height  of  the  ftation  above  low- water  fpriog- tides  (as  deter- 
mined by  akertiate  obfervatlons  at  this  place  and  Dover  Caftle) 

was 64a feet ;  hence .,  .^^^'^^'^^^...^  =  ,9990692861  the  natural co- 
^  20970255+642     ^^'yyy  7D 

fine  of  26^  $4/^  the  dip%  therefore  26^  54''''  — 26^  zf^—zf^  is 

what  the  horizon  was  elevated  by  refraftion.     The  ftate  of  the 

fide  however,  is  not  taken  into  coniideration ;  but  the  time  was 

about  noon. 

The  weather  was  caln:^  and  cloudy,  and  the  horizon  clear* 
Barometer  29.6*     Thermometer  70^,  at  i  P»M. 

The  above  obfervation  was  made  with  great  care  and  attention* 

P.  249.  in  the  3*  triangle,  far  76807.5  pttt  76812.4. 
The  operations  alluded  to  in  the  note  at  the  botttomof  this 
page  were. 


O   i        /,  it 


Angles  obferved  at  fBichmond  Ob.  and  the  Pagoda     13  10  13 

Spring-Grove    <  The  Pagoda  and  St.  PauFs  ^3  "^^J  "^5 

Houfe  between    I  St  PauPs  and  Harrow  Spire;  74  18  43 


Angles  taken  on 
Fulham  Church 
between 


"Stretham  Church  and  St.  PauFs  70  24  52 
St.  Paul's  and  Hampfiead  Church  44  50  46 
<.Hamp.  Ch.  and  Hanger  H.  Tower  57  27  43 
In  1787,  at  Hanger  Flill,  the  angle  between  Richmond  Ob- 
fervatory  and  the  Pagoda  wa?  Qbferved  12^26^  42^^  At  the 
Hundred  Acres,  that  between  Hanger  Hill  aad  Batterfea 
Church  23^  59^  44''^;  and  that  between  Hanger  Hill  and  Stret- 
hain  Church  42''  3'  $f^.  The  angle  at  St.  Paufs  between 
Batterfea  Church  and  the  SW  Pinnacle  of  We ftmi after  Abbey 

The  refblts  from  the  obfervatlons  made  on  Fulham  Church 
cannQt  be  confidered  as  very  exa£l,  becaull  Hanger  Hill  Tower 

4K2  itfelf 
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itfelf  was  the  objed,  inftead  of  the  Flagftaff  placed  on  it  in 

1787* 

F,  250.  in  the  lO-  triangle,  y2?r  39963  j^^/ 48964. 

In  the  14.  triangle^  for  34413,6/^//  34412.8. 

P.  251.  in  the  20.  triangle,  yir  39°  if  6^\^  put  ^^"^  if 

In  the  27.  triangle,  there  is  a  tranfpofition  of  the 
two   firil:   angles,  that  oppoiite  Fairlight   fhould 
fland  oppoiite  Goudhurft. 
P,  252.  in  the  28.  triangle,  for  5384/^/  53^5* 

In  the  35.  triangle,  y^r  23081. 4  j^^/  23018.4. 
P.  254.  in   the  4.  triangle,  there  is  a  tranfpoiition  of  the 
diflances,  -7198.2  fliould  fland  oppoiite  Hornfey  Hill. 

P.  255.  in  the  16.  triangle,  y^r  14390.2  and  6073.8  put 
14390.8  and  6074. 

P.  256/  in  the  22.  triangle,  for  8136.4  and  17641  put 
8136  and  17640.3. 

Neither  of  the  angles  of  the  26,  triangle  was  obferved, 
becaufe  St,  Paul's  is  not  feen  from  Greenwich  Obfervatory. 
The  diftance  of  St.  Pau^s  from  Greenwich  Obfervatory  is  alfo 
emitted.  This  diftance  is  had  from  the  Vlil  triangle,  p.  173, 
and  the  1 1.  triangle,  p.  250  ;  from  thefe  we  have, 


the  angle  ^ 
at 


Norwood  42   15  26.5" 

Greenwich  Ob.    82  41      i.i 

ISt-Paufs  5s     3  3M 


hence      Greenwich 
>  Ob.  from  St.  PauFa 


The  angles  were  determined  thus : 


Severndroog  Caftle  22  20  46  t 

Greenwich  Obfervatoiy  134  16  3 ,  pbibrved  angles. 

Limehouje  Church  ^^  22  43 

4  Hence 
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Hence  GreenwicK  Obfervatory  from  Litnehoufe  Church    is 
13999  feet. 

Taking  the  fum  of  iii"^  56^  50^^  (in  the  VIII  triangle^  p. 
173.)  82°  41^  1^^  and  134''  16^  ^i^""  from  360''  there  remains 
31^5^38^^  for  the  angle  at  Greenwich  Obfervatory  between 
Limehoufe  Church  and  St.  Paul's  1  this,  with  the  including 
fides  13999  and  25655  (neglecting  the  fractions)  will  give 
121'^  i^  42^^  and  27*^  52^  40^^,  the  other  two  angles* 

P.  257.  in  the  31*  triangle,  for  651 1  put  6925*4. 

P.  259,  The  bearing  of  Greenwich  from  the  meridian  of 
St.  Paurs,  on  which  the  other  bearings  in  the  Table  depend^ 
was  found  as  follows  : 

Angle  at  Greenwich   Obfervatory  between  its 

meridian  and  Norwood  *  38     7   16 

between  Norwood  and  St.  Paul's  8241     f  .1 

Hence  the  angle  at  Green v^ich  Obfervatory  be- 
tween the  north  meridian  and  St,  Paul's         •         59   ^^  42.9 

This  laft  angle,  and  its  complement,  with  2  5 65 5 1  feet  the 
diftance  of  Greenwich  Obfervatory  and  St.  PauFs,  give  13 138.5 
for  what  St.  Paul's  is  north  from  Greenwich,  and  22036  for 
what  it  is  weft  from  the  meridian. 

On  M.  Bouguer's  fpheroid  13 138.5  feet  anfwer  to  2^"  9^^.5 
on  the  meridian;  hence  the  latitude  of  the  point  on  the  meri- 
dian of  Greenwich,  where  a  great  circle,  paffing  through 
St.  PauFs,  fails  perpendicular  on  that  meridian,  will  be 
51''  30^^  49''^i  :  and  taking  61251  fathoms  for  a  degree  perpen- 
dicular to  the  meridian  (fee  Tab.  p.  227.)  we  have  (22036  feet} 
3^"  35''''. 86  for  the  intercepted  arc  of  that  circle;  this,  and  the 
complement  of  51°  30^  49^^i  (as  the  legs  of  a  fpherical  tri- 
angle)  give  89'' 55^  29^""  for  the  angle  at  St.  FauFs,  which, 

added 


added  to  30°  48^  1 7^^  (the  complemeut  of  59""  II^  43'''')  gives 
120°  43^  46^^  for  the  bearing  of  Greenwich  Obfervatory,  as  in 
the  i  able* 

R  239.  lagainft  St.  Luke's, /^r  12''  57^  53^^»7 p^^  i^""  3f  sf^* 
Againft  Shoreditch  Church,  for  44^  57''  39''^8  and 

6746.4  put  44''  54''  58''^ 8  and  6743.2. 
Againft   Severndroog  Caftle,  for  11  f  28^  50^'',4  put 

Againft   Eltham  Church,  y^r    123''   46^   4''^.2  put 
123^46^  V^ 
P.  260,  againftStrethanaCh!iirch,y^r  31793.5  j5^i^/  3^739'5^ 
Againft  Clapham  Common, /^r  26""  29'' 56''^.i  put 

26^29'  52'^ 
Againft  St.  Bride's  Church,  for  1771.7  put  i687.6. 
Againft  St.  George's  Bloomibury,  J^r  103"  15^  20  \6 

put  103^  15^  50^'. 
Againft   the  Tabernacle,  /^r  107^  20^  47^''  put  10 f 

Againft  Highbury  Houfe,  j^r  178"  43'  ii ''.6  -^ut 
r78°43'i4"6._ 

In  Plate  X*  fig.  2.  ^  is  omitted  at  the  concourfe  of  the  me?* 
ridians  eb^  na.  Alfo  a  line  from  A  to  T  in  fig.  3.  ib.  for  F 
^^/  R. 

Plate  XI.  Eltham  Church  is  laid  down  top  near  the  meridiaa 
of  St.  Paul's  V  and  St.  Bride's  Church,  Fleet-Street,  fiiould 
ftand  on  the  north  fide  of  the  weft  luie.  I'hisre  are  a  fevy  other 
corredions  neceffary  on  account  of  the  errors  in  Tab.  p.  259, 
260. 


